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Sulfaguanidine in the Treatment of Infectious Enteritis in Swine 


H. C. H. KERNKAMP, D.V.M., M.S., and M. H. ROEPKE, Ph.D. 
St. Paul, Minnesota 


THE USE OF sulfaguanidine as a chemo- 
therapeutic agent in intestinal infections 
of man and animals is receiving much at- 
tention at the present time. Within recent 
months, reports'!! have appeared in med- 
ical and veterinary literature to indicate 
that this drug has a definite value in the 
treatment of some forms of intestinal dis- 
eases. 

Sulfaguanidine, like some of the other 
sulfonamides, possesses bacteriostatic and 
bactericidal properties, particularly for the 
gram-negative types. The beneficial results 
of this drug in infections of the gastro- 
intestinal canal are due in the main to the 
fact that it is not readily absorbed, so that 
relatively high concentrations can be main- 
tained in the gut without developing suffi- 
ciently high blood concentrations to mani- 
fest serious toxic reactions. Thus, the 
bacteriostatic and bactericidal effects are 
exerted upon the primary cause at the point 
of greatest impact, the intestinal mucosa. 

Our interest in the possibilities of sul- 
faguanidine as a therapeutic agent in the 
enterie infections of swine stems from the 
report of Marshall, et al., in which they 

scribe the results of an investigation on 
its use in the treatment of acute bacillary 
ysentery in children. 

‘he enteric syndrome involved in this 

dy has been described many times and 

ider many different names; i. e., enteritis, 
rotic enteritis, diphtheritic enteritis, 
in‘eetious enteritis, bacterial enteritis, sal- 


iper No. 2015, scientific journal series, Minne- 
Agricultural Experiment Station, University of 
nesota. 

rom the Division of Veterinary Medicine, Uni- 
ity Farm. 


monellosis, necrobacillosis, “necro,” scours, 
bloody diarrhea and a number of other 
terms. 

The etiology is not yet completely under- 
stood, although it is believed that organ- 
isms of the Salmonella group are the ones 
most commonly present. A limited number 
of cases was studied bacteriologically, and 
in every instance organisms of this group 
were isolated from the stool, submucosa of 
the colon, and in some cases from the me- 
senteric and sublumbar lymph nodes. Sal- 
monella choleraesuis was found most often. 


EXPERIMENTAL OBSERVATIONS 


The clinical condition of the animals 
studied varied frem acute, bloody, or hem- 
orrhagic types to chronic forms of the dis- 
ease. The swine included in this study all 
contracted and developed the disease under 
natural field conditions. The smallest herd 
from which pigs were obtained numbered 
27; the largest, approximately 1,100. The 
percentage of animals affected in the dif- 
ferent herds varied from 25 to over 80. 
The ages of the pigs affected ranged from 
approximately 3 weeks to 2 years, and 
the weights from 8 to 415 lb. Before 
any pigs in any of the herds were used for 
study, at least two and sometimes more of 
the clinically sick pigs were killed for post- 
mortem examination, to assure the exist- 
ence of an enteric involvement. 

For convenience and clarity of presenta- 
tion, this report is divided into four parts. 
The first deals with a series of controlled 
experiments on the use and value of sul- 
faguanidine from the standpoint of the 
therapy of enteric infections. The second 
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concerns a series of cases treated under 
field conditions. It was not convenient in 
most instances, and impossible in others, to 
allow some of the affected pigs to be left 
untreated as controls. The progress of the 
disease was followed each day by trained 
observers in many of these cases, although 
in others the observations were made only 
periodically. Part 3 pertains to a study of 
the blood, fecal, and urine concentrations 
of the drug when administered at different 
dose levels for various lengths of time. The 
matters of drug tolerance and toxicity are 
discussed in part 4. 

Throughout this report, the amount of 
drug administered is given in grams per 10 
pounds of body weight per day (Gm./10 
lb.). In all cases, except when otherwise 
noted, the initial dose was double the amount 
of the usual dose. The route of adminis- 
tration in all cases was by mouth, but the 
mode of administration varied, depending 
on the physical status of the pigs treated 
and, to some extent, on local conditions. 
The drug was put up in gelatin capsules and 
administered with a balling gun in some 
instances, suspended in water or milk and 
given as a drench or introduced via a stom- 
ach tube in others, or in certain other cases 
it was mixed with small amounts of mash 
or thick swill so that it would be consumed 
at feeding time. 


Part | 

Twelve groups or lots totaling 83 pigs 
were used in these experiments. 

Group 1 (tables 1 and 2) contained only 
2 pigs. These were the first to be treated 
and studied at this station. In May, 1941, 
4 young pigs were brought to the laboratory 
for diagnosis. All were emaciated, mod- 
erately dehydrated, semiactive and mani- 
festing a profuse, watery diarrhea. Ac- 
cording to the owner, these cases were 
representative of a condition that involved 
several more pigs in his herd, and they 
had been sick for a week or more prior to 
this date. Two of the group were destroyed 
and careful autopsies held. Both carcasses 
showed marked diphtheritic and necrotic 
inflammatory changes that involved the 
mucosa of the cecum and colon. The re- 


maining 2 were identified, weighed, and 
placed in a pen for treatment and observa- 
tion. Pig 851 received 0.9 Gm./10 lb. of 
sulfaguanidine divided between morning 
and evening. The drug was put in gelatin 
capsules and administered with a balling 
gun. Pig 850 was left as the control. The 
stools of 851 were less watery on the fourth 
day of treatment, and in another four days 
they were formed and appeared normal. 
The physical condition of this pig began 
to improve on the fifth day and continued 
to improve thereafter. It was released as 
recovered on the twelfth day. The control 
continued to be sick. It lost 7 lb. in twelve 
days (weighing 33% less than when ad- 
mitted). At this time it was placed on 
treatment, receiving the drug at the rate of 
1.84 Gm./10 lb. (group 3). After four 
days, its stools were formed and continued 
as such for the following six days, at which 
time it was released as normal. The phys- 
ical condition of this pig at the time of 
release was vastly improved over its condi- 
tion at time of admission, and it gave evi- 
dence that with good care and diet it should 
grow and develop into a marketable hog. 

Group 2 (tables 1 and 2) is a series of 
pigs of nursing age that averaged 12.1 lb. 
They came from a large herd where 50 per 
cent or more of similar ages were affected 
with an enteric disease. It was reported 
that the malady had been present in the 
herd for about two weeks and that between 
40 and 60 pigs had died during the past 
several days. We obtained 20 of the sick 
pigs for study, but before their arrival 6 
of the group had died. Postmortem exam- 
ination of each of the 6 dead pigs revealed 
lesions characteristic of enteritis. Seven 
of the lot were put on treatment and 7 left 
as controls. The daily dose varied for the 
different pigs from 0.82 Gm./10 lb. to 1.62 
Gm./10 lb. and the mode of administration 
was by capsule. All treated cases recovered, 
as did 2 of the controls. Five of the con- 
trols succumbed before the treated pigs 
were released. 

Group 3 contained 4 pigs. Two were 
treated and 2 served as controls. Of those 
treated, 1 received the drug at the rate of 
1.10 Gm./10 Ib. and the other at 1.%4 
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TABLE |.—Treatment of Infectious Enteritis with Sulfaguanidine. 


| Bopy | 

Grovp| IpENTI- WEIGHT 

| FICATION LB. 


DalILy 
Dosacr* 
Ga. /10 LB 
0 
0.90 


NICO 


ome 


b= bloody; t 


tious enteritis; §— very weak, dehydrated 20th 


Gm./10 lb. When they were placed on 
treatment, the feces were very thin and 
watery, but by the third and fifth days, re- 
spectively, they were formed and continued 
to be so throughout the remaining eleven 
days of the experiment. The controls like- 
wise recovered, except that the recovery 
time was delayed. 

Group 4 contained 3 pigs. To 1, the drug 
vas administered at the rate of 0.68 Gm./10 
lb. and to another, 0.94 Gm./10 lb. No drug 

ig given to the third pig of the group. On 

e third day of treatment, the stools of 

e treated pigs were soft and semiformed; 

ree days later the stools were normal, and 

e pigs were released on the ninth day. 
The control pig failed to improve and was 
subsequently placed on treatment with 
comprising group 5. 

Group 5 contained 5 pigs. 
treated and 1 left as the control. 


Four were 
The con- 


thin; vt= very thin; s= soft; f 
° daily dose divided, morning and evening; {=—later treated and recovered; {¢ 
day ; 


Days ON TREATMENT AND CHARACTER OF FECES 


1 


2/131] 4 


vt 
vtb 


R 
R 


R 
vtb vt f R 


R- 


as recovered. 
infec- 


released 
= postmortem, 
inanition and cachexia. 


formed; D = died; 


died 23d day, 


trol died of infectious enteritis on the tenth 
day of the experiment and the treated ones 
were released on the twelfth day. 

Group 6 contained 6 pigs, 5 treated and 
1 control. The control died of infectious 
enteritis on the sixth day. The drug was 
administered by capsule at the rate of 0.62 
Gm./10 Ib. to 0.70 Gm/10 lb. One treated 
pig died on the fourth day without show- 
ing any signs of improvement. A definite 
enteric infection, characterized by diph- 
theritic and necrotic inflammatory reaction, 
was observed on autopsy. The remainder of 
the group were released by the tenth day, 
since their stools appeared quite normal for 
two and three days previous to their release. 

Group 7 contained 7 pigs, averaging 72.7 
lb. each. Five were treated, each receiving 
an average of 0.90 Gm./10 lb. of the drug 
per day. The drug was mixed with a small 
amount of swill at the morning and evening 


d 
n l 850 M 20 vt vt vt vt vt vt vt vt vt vt vtt 
851 M 22 vt vt vt s + s f f f f R 
g 859 F 14 0 vt vt Dt 
le 860 M 15 0 vt ivt ivt iD? 
861 F 14 0 vt Di 
h 862 M 11 0 vt vt ivt f f R 
863 M 10 0 vt vt vt vt vt vt Dt 
'S 864 F 11 0 vt vt vt f f f R 
2 865 M Q 0 vt Dt 
. 852 M 16 0.82 vt vt f f f R 
! 854 M 15 0.86 vt vt f : f R 
855 F 12 0.86 vt f 
d 853 F 13 1.00 vt vt f f f R 
856 F 12 1.08 vt s 3 f f R 
s 857 M 10 1.30 vt vt f R 
858 M 8 1.62 vt v* vt s 8 f f R 
) 
13-2 F 25 0 vt vt vt vt vt vt vt vt vtt 
e 4 13-1 F 21 0.94 vt vt is s s f f f R 
7-1 M 56 0.68 vt vt is 8 3 f f f R 
3 M 12 0 vt Dt 
n 6 F 16 0 vt vt |s vt 
f 9 F 20 0 vt vt vt vt vt vt§ 
ll M 14 0 vt vt Dt 
r 10 4 M 12 1.0 vt ivt vt Dt 
10 F 11 1.0 vt Dt 
d 13 M 20 1.0 vt vt ivt vt 8 s f f 
14 M 19 1.0 vt vt vt Dt 
h 15 F 24 10 vt Dt 
= M 39 0 vtb vtb vt vt Dt 
. M 24 0 vtb vtb || vtb vtb vt} 
i F 20 0 vtb |Dt 
l F 27 0 vtb 
e 11 F 35 1.0 vtb |vtb f f f | 
* M 43 1.0 vt vtb f f 
| F 39 1.0 vtb 
M 
{ i M 21 1.0 vtb 
le 
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TABLE 2.—Sulfaguanidine in Infectious Enteritis of Swine 
Summary of Experiments in Part |. 


No. RESULTS 
Group RANGEIN No. Swine Conrrou DAILY DosE* No. No. No.No1 
No. WT. LB. TREATED SWINE Gn./10 LB. RecovereD DEATHS IMPROVED 
1 22 1 0.90 1 
20 1 1 
2 8—16 7 0.82—1.62 7 
9—15 7 2 5 
3 13—33 2 1.1—1.84 2 
22—40 2 0 3 
4 21—56 2 0.68—0.94 2 
25 1 0 1 
5 21—46 4 0.82—1.24 4 
36 1 0 1 
6 20—48 5 0.6—0.7 4 1 
47 1 0 1 
7 65—80 5 0.09 5 
60—74 2 0 1 1 
8 55—70 7 1.0 4 3 
45—75 3 0 3 
9 15—29 7 0.52—0.86 1 6 
16—19 4 0 4 
10 11—24 5 1.0 5 
12—20 4 0 3 1 
11 21—43 5 1.0 4 1 
20—39 4 0 3 1 
12 30—45 2 1.0 2 
30 1 0 1 
Total Treated 52 36 (69%) 16 (31%) 
Controls 31 5 (16%) 22(71%) 4 (13%) 
*Dose divided between morning and evening. 
feeding. One of the group was released on sixth. All revealed lesions characteristic of 


the sixth day of treatment, 3 on the eighth, 
and 1 on the ninth day. One of the con- 
trols was released as normal on the eighth 
day, having shown marked improvement for 
four days. The other control died of in- 
fectious enteritis on the sixth day. The 
controls were maintained separately from 
the treated pigs at all times. 

Group 8 contained 10 pigs which came 
from a herd containing approximately 180 
shotes, among which there were many cases 
manifesting signs of an intestinal disease. 
The 7 pigs which were to receive treatment 
ranged from 55 to 70 lb. in weight. They 
were given sulfaguanidine at the rate of 1.0 
Gm./10 lb., mixed with their food. One 
died on the second day of treatment, an- 
other on the fifth day, and a third on the 


infectious enteritis. Four were released, | 
on the eighth, 2 on the ninth, and 1 on the 
tenth day. The controls all died of infec- 
tious enteritis before the ninth day. 

Group 9 contained pigs suffering from a 
complication of an infectious enteric disease 
and pneumonia following an attack of in- 
fluenza. Seven received sulfaguanidine and 
4 served as controls. Only 1 treated pig 
survived. It received 0.86 Gm./10 Ib. of th: 
drug per day by capsule and was released 
on the ninth day. The doses given th 
others were somewhat smaller, ranging 
from 0.52 Gm./10 Ib. to 0.68 Gm./10 1! 
None of the latter ever showed any indica- 
tions of improvement, and all the pigs, in 
cluding the controls, died by the twelft! 
day. 
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troup 10 is of especial interest because 
it represents a series of cases of infectious 
nteritis in the late stages of the disease. 
‘hese pigs were in poor physical condition, 
‘-haracterized by extreme emaciation, de- 
hydration, weakness and a watery diarrhea 
-ontaining tissue shreds of diphtheritic and 
necrotic exudative nature. Their appetites 
vere only fair, and they lay huddled to- 
ether in a corner of the pen most of the 
time. Five received sulfaguanidine by cap- 
sule at the rate of 1.0 Gm./10 lb. and 4 were 
left untreated. By the fourth day of treat- 
ment, 2 of the treated pigs and 2 of the 
controls were dead, and by the ninth day, 
2 more of the treated and another of the 
controls had died. The stool of the fifth 
treated pig (13) was formed on the tenth 
day and continued to be formed at each 
voiding until the pig succumbed, twenty- 
three days after the beginning of the ex- 
periment. At autopsy, a low-grade enteritis 


and a terminal pneumonia were observed. 
One control was still alive when pig 13 died. 
[ts condition had not changed much from 
the time of admission. 

Group 11 is also of especial interest since 


the cases comprising it represent an acute 
stage of the disease. The general physical 
condition of these pigs could well be de- 
scribed as fair to good. They were active 
and possessed fair appetites. The particu- 
lar clinical sign manifested was a marked 
diarrhea containing much blood. They were 
typical of cases described as “bloody 
scours.” Five were treated and 4 left as 
controls. The drug was administered at the 
rate of 1.0 Gm./10 Ib. by capsule for the 
first six days and mixed with the feed for 
the next four days. The stools of the 4 
treated pigs that survived were formed on 
the sixth day and on each day thereafter. 
These pigs were released on the tenth day. 
One of the treated pigs died on the second 
day of the experiment. All of the controls 
died, 2 on the second, 1 on the ninth, and 1 
the twenty-fifth day. The postmortem 
lesions in these cases were described as a 
hemorrhagic type of inflammation of the 
large bowel. 

Group 12 contained 3 pigs. The 2 that 
were treated received sulfaguanidine at 


the rate of 1.0 Gm./10 lb. mixed in a small 
amount of milk. Both made marked im- 
provement and were released on the eighth 
day. The control died on the sixth day. 
The results of the study on the value of 
sulfaguanidine in the treatment of infecti- 
ous enteritis where controls were included 
are summarized in table 2. Of the 52 pigs 
that received treatment, 36 (69%) were 
released as recovered and 5 out of 31 (16%) 
of the controls recovered. Eleven pigs that 
were sick with swine influenza and pneu- 
monia as a complication of the enteric dis- 
ease, and 9 that were sick with enteritis in 
a very advanced and chronic form are in- 
cluded in these statistics. They represent 
types of cases that could not reasonably be 
expected to respond to this therapy. 


Part 2 


This part of the report deals with the 
treatment of infectious enteritis in swine 
under field conditions. It was necessary in 
most instances to forego setting aside some 
of the affected pigs to serve as untreated 
controls because it was not convenient in 
some cases and was impossible in others. 
However, the presence of the disease was 
assured before therapy was_ instituted. 
Postmortem examinations were conducted 
on two or more pigs prior to treatment and, 
in most cases, on those that died during the 
course of the treatment. Under this ar- 
rangement, a total of 446 swine was treated 
with sulfaguanidine. Daily observations 
were made on 133 of this number, whereas 
the remainder were so situated that only 
periodic inspections by the authors or the 
local veterinarians were feasible. For this 
reason, the 2 groups will be discussed sep- 
arately as sub-groups A and B, respectively. 

Sub-group A.—Table 3 summarizes the 
data on sub-group A. The animals in this 
sub-group varied considerably in age and 
weight and in clinical manifestations of the 
disease. Some of the pigs were sick with 
the acute form of infectious enteritis, some 
with the chronic form and others were in 
between. In general, the feces returned to 
a normal character by the fourth or fifth 
day of treatment, and the pigs were usually 
released as recovered by the seventh day or 
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the eighth. Generally, the pigs were not 
released until after the stool had appeared 
normal for three or four days. 

Although the animals treated with the 
drug in the dosage range of 0.5 Gm./10 lb. 
responded to treatment quite satisfactorily, 
those receiving it in the higher ranges 
seemed to improve a little more rapidly if 
one were to judge from the character of 
the feces and physical condition of the pigs. 

The method of drug. administration 
varied from once a day to twice a day, 
either by capsule or in small amounts of 
mash or thick swill. In this limited number 
of cases, no definite evidence was obtained 
which indicated an advantage of one method 


TABLE 3.—Sulfaguanidine in Infectious Enteritis of 
Swine 
Summary of Part 2 A. 


RESULTS 

0.30—0.50 40—101 18 18 
0.51—0.75 42—200 50 43 7 
0.76—1.0 30—200 37 35 2 ap 
1.01—1.5 24—200 23 21 1 1 
1.51—2.0 47—200 5 5 

133 122 10 1 


(92%) (7.5%) (0.75% ) 


over another. If pigs will eat sufficient 
feed to receive the drug, the effectiveness 
is in no way impaired. On the other hand, 
in those animals that either refused to eat 
or ate only sparingly, it was found advisable 
to administer the drug by capsule, treating 
each pig separately. This was continued 
until they were “back on feed,’”’ and then 
the drug was mixed with the feed. 
Sub-group B.—It seemed desirable to 
evaluate the effectiveness of the drug under 
conditions such as might obtain in a gen- 
eral practice. The results of this phase of 
the study are reported in a series of pro- 
tocols and constitute sub-group B of part 2 
of this report. These studies were carried 
out with the codperation and assistance of 


several practitioners. A total of 333 swine 
on six different farms is included. 

Protocol 1 (Art. B.).—On or about July 
1, 1941, 115 recently weaned pigs were pas- 
tured together in a plot containing a luxu- 
riant stand of alfalfa and were given a 
supplemental feed consisting of ground corn 
and oats and a small amount (15-20 gal.) of 
skimmilk. They had been growing and de- 
veloping satisfactorily until September 2, 
when one of the pigs was found dead. 
Postmortem examination revealed a diph- 
theritic enteritis. Inasmuch as another 
similar plot was available, and on the as- 
sumption that the disease might be cur- 
tailed from spreading among the group, 
these pigs were transferred to the other 
plot immediately. Three days later, 2 of 
the pigs were seen to pass diarrheal stools. 
They were removed and isolated in a pen 
several rods distant. On the following day, 
a new case developed. It was immediately 
segregated. 

At this time, September 6, 2 of the sick 
pigs were started on a course of treatment 
with sulfaguanidine and 1 was left as a 
control. The dose of the drug was 1.0 
Gm./10 lb./day, mixed with a small amount 
of milk, morning and evening. At the be- 
ginning of treatment, all 3 pigs had a 
profuse diarrhea containing considerable 
amounts of blood. They were weak and 
considerably dehydrated. The control died 
five days later, and at necropsy a hemor- 
rhagic and diphtheritic inflammation of the 
large intestine was observed. The treated 
pigs were released as recovered after seven 
days of treatment. 

On September 13, 4 new cases had de- 
veloped in the large herd. They were re- 
moved and started on a course of treatment 
with sulfaguanidine. The dose was 0.7 
Gm./10 Ib., and the mode of administration 
was in milk. They all manifested a bloody 
diarrhea when treatment was begun. Three 
days later, the feces began to form and i! 
another three days they were normal. The 
treatment was continued another two days 

On October 5, 20 pigs, all affected wit! 
enteritis, were sorted out from the here, 
moved to a smaller pen, and started on 
course of treatment with sulfaguanidine 
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The drug was given at the rate of 0.6 Gm. 
10 lb., mixed with the feed. At the same 
time, 13 other similarly affected pigs were 
sezregated to serve as controls. One pig 
in the treated lot and 3 in the control lot 
died within the next 4 days. On October 
14, 14 of the treated pigs had recovered 
sufficiently to be released. Since the 10 
controls were gradually becoming weaker, 
they were turned in with the 5 that had 
been receiving the drug since October 5. 
This lot of 15 was then placed on treatment, 
the drug being administered in the feed at 
the rate of 0.5 Gm./10 lb. All but one of 
the lot were released as cured on October 
24. The pig that died was one that had 
served as a control. 

The condition in the general herd, in so 
far as the disease was concerned, was not 
improving. From time to time, pigs were 
becoming sick with infectious enteritis, and 
it was practically impossible to segregate 
them in small lots or units where treatment 
could be given. For this reason, it was 


decided to place the entire herd on treat- 
ment with sulfaguanidine. The herd at this 
time numbered 108 animals, at an average 
estimated weight of 125 Ib. 

The drug was administered at the rate of 
0.04 Gm./10 lb. once a day, mixed with 
milk. This was a small dose, but it was 
all that was available at the time. In four 
days, the supply of the drug was exhausted 
and not until four days later was it possible 
to continue treatment. The dose was now 
increased to 0.16 Gm./10 Ib. and continued 
for six days. Six deaths occurred during 
this time. At the end of the six-day period, 
10 pigs which were voiding bloody stools 
were removed and treated with a still larger 
dose, 1.2 Gm./10 lb. Treatment on this lot 
was continued for ten days, whereupon 9 
were released and then the tenth succumbed. 
All treatment was discontinued on or about 
November 24. Between November 24 and 
January 10, 3 cases of enteric disease oc- 
curred among the pigs of this herd; all 
recovered spontaneously. The condition of 


TABLE 4.—Blood, Fecal, and Urine Sulfaguanidine Values 


(Average and Range) 


BLoop 


FECES 


RANGE 
OF 


DAILY 
DOSAGE 


GaM./10 LB. 


Jo. SAMPLES 


FREE TorTaL 
MG. MG. 
PER 100 cc. PER 100 cc 


FREE 
MG. 
PER 100 Gnu. 


| No. SAMPLES 


TorTaL 
MG. 
PER 100 Gn. 


No. ANIMALS 


No. SAMPLES 


FREE ToTaL 
MG. MG. 
PER 100 cc. PER 100 cc. 


0.43—0.54 


=| No. ANIMALS 


0.89 1.45 
0.56—1.65 0.81—3.00 


No. ANIMALS | 


1.60—0.75 


1.70 
0.70—4.24 1.28 


3.45 
9.0 


80—1.10 


3.65 


1.38—13.6 


9.8 
9.6 —10.1 


4.97 
3.1 — 68 


12.3 
9.3 —15.3 


23 32 
104— 1057 


4 
373— 1024 


510 


331— 956 


636 


1 2 1175 
1090— 1175 


1290 
1150— 1430 


1316 
714— 2930 


1383 
761— 2970 


430— 1139 


9115 
1360—20880 


9215 
1420—20900 


400 


290 
106— 305 137— 588 


656 «1035 
144—1350 302—2060 


312 
130— 475 180— 695 


620 655—1000 
1002 
98—2650 422—4600 


_ 
URINE 
57— 406 62— 497 
— 9 18 357 389 159 
81- 594 134— 666 
0.86-—6.9 104— 1220 
6.6 —7.2 217-92 
1.5 — 6.0 | 
6.0 — 6.4 
4.5 —12.8 8.5 —19.6 
1.6 — 7.9 4.6 —12.4 
i ' 
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the pigs on January 10 was satisfactory, 
and except for 2 whose growth was con- 
siderably stunted, the pigs averaged ap- 
proximately 240 lb. each. 

Protocol 2 (H. H. B.).—On Sept. 6, 1941, 
this herd contained 167 pigs ranging in 
weight from 30 to 100 lb. About 20 of them 
were clinically sick and displayed symptoms 
characteristic of infectious enteritis. One 
was destroyed and showed diphtheritic and 
necrotic lesions of the large intestines. 

The previous history of this herd re- 
vealed that on July 5 the herd consisted 
of 242 pigs. They were all given the serum- 
virus treatment on this date as a preventive 
against hog cholera. On or about August 
17, 2 pigs in the herd were sick and there- 
after many others sickened and many died. 
The loss from August 17 to September 6 
was 75 pigs. 

On September 6, 10 sick pigs were placed 
in a separate pen in the swine barn and 
started on a course of treatment with sul- 
faguanidine. One pig received the drug at 
the rate of 0.6 Gm./10 Ib.; 2 at 0.7 Gm./10 
lb.; 2 at 0.9 Gm./10 Ib., and 5 at 1.0 Gm./10 
lb. divided between morning and evening 
and administered by capsule. Treatment 
was continued for six days, at which time 
they were released as normal. During the 
same period, 4 in the general herd died. A 
second series was treated on September 14. 
Fifteen comprised this group and received 
the drug at the rate of 0.7 Gm./10 Ib. mixed 
in milk. After three days, the dose was 
reduced to 0.5 Gm./10 Ib. and continued for 
four days. One pig died on the second day 
of treatment, but all the others were re- 
leased as cured. Four pigs in the general 
herd died during this period and new cases 
were developing. It was necessary to dis- 
continue any further trials in this herd. 


Protocol 3 (M. C.).—On Oct. 15, 1941, 
this herd contained 1 boar, 6 brood sows 
with 36 suckling pigs, and 38 spring pigs. 
On October 16, several of the spring pigs 
were seen to pass blood with the feces, and 
two days later 20 of this group were defi- 
nitely sick. Within the next three days, 6 
of the group died. Sulfaguanidine was ad- 
ministered to the 14 sick pigs, beginning 
on October 21. The dose was as low as 


0.08 Gm./10. Seven deaths occurred within 
the next twenty-four hours. The remainder 
of the group, plus 2 more added on the 
fifth day of treatment, received the drug 
for fourteen days, whereupon they were re- 
leased as cured. At this time, 2 of the brood 
sows and 8 of their pigs were showing 
symptoms of enteric disease. The pigs were 
weaned and placed on sulfaguanidine at 0.13 
Gm./10 lb. Treatment was discontinued 
after three days and the pigs released. The 
brood sows received a similar course of 
treatment, except that it was continued for 
six days before they were released. On No- 
vember 22, 7 of the spring-farrowed and 6 
of the fall-farrowed lot were sick with the 
disease. They were started on treatment im- 
mediately, and after six days were returned 
to the feed lot as recovered. The dose was 
0.1 Gm./10 Ib. 


Protocol 4 (A. P.).—This herd contained 
brood sows and 73 suckling pigs 3 to 5 
weeks of age. Approximately, 60 per cent 
of the suckling pigs were sick and, accord- 
ing to the owner, the sickness was spread- 
ing rapidly among the small pigs. Post- 
mortem examination of 2 of the pigs 
revealed lesions suggestive of a complica- 
tion of cholera and infectious enteritis. The 
pigs and their dams received a course of 
treatment with cholera antiserum and virus. 
Four days later, from the standpoint of the 
hog cholera, the herd appeared much im- 
proved. A postmortem examination of one 
at this time showed a marked ulcerative 
gastritis and diphtheritic and necrotic co- 
litis and some lesions suggestive of hog 
cholera. It seemed advisable to treat the 
group with sulfaguanidine, and on October 
26, 62 of the small pigs were given the drug 
in milk at the rate of 0.6 Gm./10 lb. The 
treatment was continued for nine days, with 
the result that 12 succumbed and 50 were 
released since they showed marked improve- 
ment. 

Protocol 5 (E. L.)—The swine population 
on this farm numbered 70 (25 at 70 Ib. and 
45 at 30 lb.) At the time of treatment with 
sulfaguanidine, 10 of the former and 15 of 
the latter were definitely sick with infec- 
tious enteritis. Before any treatment was 
begun, however, 2 of the sick pigs were de- 
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stroyed and examined postmortem. The 
mucous membranes of the cecum and colon 
of both animals were almost entirely cov- 
ered by diphtheritic and necrotic exudative 
material. The larger pigs were separated 
from the smaller ones and treated sep- 
arately. They received 0.3 Gm./10 lb. of 
drug mixed with the feed, and the 
smaller pigs received 0.25 Gm./10 lb. Four 
of the larger and 2 of the smaller pigs died 
before the treatment was discontinued on 
the eleventh day. 

While it appeared that the pigs recovered 
from the inflammatory disease of the in- 
testine, yet they failed to grow and develop 
satisfactorily. Their plane of nutrition 
and the management they were receiving 
left much to be desired. About three weeks 
after they were released from treatment, 
several deaths occurred among them and 


the 


On or about October 20, 84 pigs averaging 
40 lb. each were purchased at a local sales 
pavilion and placed in the pasture with the 
swine native to this farm. Within a week 
or ten days from this date, some of the 
newly purchased animals were sick, and by 
November 10, 20 pigs had died. At this 
time, medical assistance was secured. In 
the opinion of the local veterinarian, hog 
cholera and necrotic enteritis existed as 
complicating factors responsible for the 
current condition of a large proportion of 
the drove, exclusive of the boar and brood 
sows. The latter had been given a protec- 
tive treatment against hog cholera a year or 
more before. As a result of his findings, 
the pigs were given an intramuscular in- 
jection of hog-cholera antiserum, and on 
the same day they were started on the so- 
called salt treatment for necrotic enteritis. 


TABLE 5.—Sulfaguanidine Toxicity Studies. 


DAILY DAY OF 
DosE BEGINNING OF 
¥M./10 LB. INAPPETENCE 


Bopy 
WEIGHT 
LB. 


29 


Locomotor incodrdination and 


DAY OF 
DEATH OR 
DESTRUCTION 


CLINICAL OBSERVATIONS 


later complete paralysis 31 


Vomits after drug administration 


beginning on 5th day; marked 
weakness on 5th day. 


Locomotor incoérdination 


Locomotor incodrdination, 
lassitude, weakness 


Locomotor incodrdination, 
weakness 


Locomotor incoérdination 


Locomotor incoérdination, 
dyspnea, weakness, paralysis 


Moribund and destroyed. 


On November 14, since the enteric dis- 
order was noticeable throughout the drove, 
it was decided to separate the drove into 3 
different lots. Lot A contained 25 of the 
recently acquired pigs. They received sul- 
faguanidine at the rate of 1.5 Gm./10 Ib., 
mixed in the feed. The treatment was con- 
tinued for eleven days, when 24 were re- 
leased as recovered; 1 had died the third 


\ithin a ten-day period 17 succumbed. The 
ecific cause for these losses was not de- 
termined. 
Protocol 6 (E. B.).—The history of this 
ve prior to the time sulfaguanidine was 
ised on some of the pigs comprising it is 
follows: Early in October, 1941, the 
ove contained 1 boar, 17 brood sows, 8 
otes, and 40 small pigs recently weaned. 


\ 
19 60 2.0 
14 85 3.0 5 
50 4.0 6 | 12* 
15 100 5.0 5 
23° 
7 87 5.0 4 
g* 
84 7.0 4 5 
6 60 10.0 4 
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day after the treatment began. Thirty-nine 
of the same group of pigs made up lot B. 
These were continued on the “salt treat- 
ment.” Of this lot, 18 died within the first 
ten days; the remainder were discharged 
as cured after eighteen days of treatment. 
Lot C contained 40 pigs, raised on the farm. 
These were placed on an “alkaline treat- 
ment.” Eighteen succumbed during the 
first ten days, and the remainder were re- 
leased after two weeks on treatment. 

On or about December 1, 5 of the brood 
sows were manifesting symptoms suggest- 
ing the presence of the infectious enteric 
disease which had been so prevalent among 
the younger animals. These 5 were started 
on treatment with sulfaguanidine at 0.1 
Gm./10 Ib.; all died within a week. The 
remainder of the sows were sold for slaugh- 
ter. It is believed that the drug dosage in 
this case was not adequate. 


Part 3 


This part deals with the concentration 
of sulfaguanidine in blood, feces, and urine. 
The method of Bratton and Marshall'- for 
the determination of sulfanilamide was 
used for the sulfaguanidine determina- 
tions. In order to obtain equilibrium 
values, specimens for analysis were not col- 
lected until at least twenty-four hours had 
elapsed after administration of the first 
dose. Table 4 is a summary of the data 
obtained. The relationships found between 
the blood and fecal values are similar to 
those first reported by Marshall and co- 
workers? for man, as well as those found 
by Cameron and McOmie® for pigs, and by 
Thorp and Shigley'* for calves. 

There does not seem to be a relationship 
between the consistency or character of the 
feces and the drug concentration. This 
might be explained on the basis of the ab- 
sorption of appreciable amounts of the drug 
by the gastrointestinal tract, as indicated 
by the relatively high concentration of the 
drug in the urine. Apparently, a fairly 
high percentage of the drug is eliminated 
via the urine. 

Although the percentage of the total drug 
present as the acetylated or combined form 
in the blood, feces, and urine varied con- 


siderably with different animals and dif- 
ferent specimens, the average values found 
are approximately 40 per cent, 8 per cent, 
and 35 per cent for blood, feces, and urine, 
respectively. The percentage of the drug 
present in the feces as the inactive or acety- 
lated form is relatively low. 

In general, the urine was clear when 
voided, provided the total drug concentra- 
tion was not above 500 mg. per 100 ce. 
Within this range of concentration or 
slightly above it, the crystals present in the 
urine were chiefly the acetylated or com- 
bined form of the drug, which is much less 
soluble than the free drug. Indications 
were obtained that the free form of the 
drug is soluble in urine as voided to the 
extent of 400 to 600 mg. per 100 cc. and 
the combined form approximately 150 to 
200 mg. per 100 cc. These values are higher 
than those reported by Marshall and co- 
workers! for the solubilities of these com- 
pounds in urine at 37 C. The question of the 
solubilities of the combined and free forms 
of the drug in feces and urine, as well as 
the relative amounts of the drug eliminated 
via the feces and urine, needs further study. 


Part 4 

Preliminary toxicity studies were carried 
out on 7 normal pigs varying in weight 
from 50 to 100 lb. The dosage used varied 
from 2 to 10 Gm./10 lb./day. The drug 
was administered in divided doses (morning 
and evening) in small amounts of feed until 
the animals refused to eat, after which it 
was suspended in water and administered 
(morning and evening) by stomach tube. 
This was continued until the animals ex- 
pired or became moribund. In a few in- 
stances, it was observed that the pigs 
vomited after receiving the drug by the 
stomach tube. Under these circumstances, 
it was impossible to be certain how much 
of the drug was retained. However, vomi'- 
ing occurred only in the later stages of the 
experiment. 

The results of the toxicity studies are 
summarized in table 5. From the stanc- 
point of the clinical evidence of toxicity, 
the first manifestation was inappetence, 
which necessitated administration of th 
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ig by stomach tube. The inappetence 
was soon followed by locomotor incoérdina- 
tion characterized chiefly by a stiff upward 
| forward stride of the posterior limbs, 
hen by a general and progressive weakness 
which ended in a moribund state. Except 
‘or the evidences of kidney involvement, 
e postmortem findings were in general 
iegative. The kidneys were swollen and 
somewhat softer than normal. In some 
cases, white crystals were present in the 
pelvis of the kidney in appreciable quanti- 
ties. Microscopic examination of the kid- 
neys revealed tubular degeneration with 
many tubular casts and in general presented 
ie picture of nephrosis. From time to 
time during the course of the experiment, 
blood was collected from each of the pigs 
for the purpose of making a hemogram. At 
each examination, the leucocyte count was 
always considerably above the normal level. 
Total white cell counts of 30 to 45 thousand 
were common (12 to 22 thousand, normal). 
Except for an increase in eosinophiles equal 
to 8 to 5 times normal, the ratio between 
lymphocytes and polymorphonuclear leuco- 
cytes was not changed. The red cell count 
and hemoglobin values were not signifi- 
cantly altered. 


DISCUSSION AND SUMMARY 


The results of these studies indicate that 
sulfaguanidine possesses considerable merit 
as a therapeutic agent in the treatment of 
the infectious enteric complex in swine com- 
monly grouped under such terms as infec- 
tious enteritis, necrotic enteritis, etc. The 
therapeutic measures now in general use 
have not given satisfactory results in many 
instances. There is great need for an ef- 
fective agent for the treatment of this dis- 
ase as it is one of major economic impor- 
tance, 

Sulfaguanidine, when administered morn- 
ig and evening as a suspension in a small 
mount of mash or thick swill at the rate 
f 0.75 to 1.5 Gm./10 lb. body weight per 
ay (0.16 to 0.33 Gm./kg.), gave favorable 
esults. Those animals which would not 
at were given the drug by capsule until 
hey would consume sufficient food to per- 
nit the administration of the drug in a 


portion of the feed. In order to obtain 
high fecal levels of the drug as early as 
possible, particularly in the acute cases, the 
first dose given was always twice the usual 
dose of the drug. As a rule, the physical 
condition of the animals began to show 
improvement by the third to fifth day and 
the character of the feces returned to nor- 
mal by the fourth to sixth day. Usually, 
the drug was administered for a period of 
six to eight days, which generally included 
a few days after the stools had returned to 
a normal consistency. 

It is believed that animals which recover 
from infectious enteritis as a result of sul- 
faguanidine therapy should not be con- 
sidered as possessing any significant im- 
munity or resistance to reinfection and that 
such therapy should be supplemented with 
sanitary measures to prevent reinfections. 
A few animals treated with sulfaguanidine 
have shown remissions. At present, it is 
not known whether these remissions were 
due to reinfections or to the failure of the 
drug to eliminate the causative organisms 
of the original disease. This phase of the 
problem needs more extensive study. 
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Corrigenda 

In the article entitled “Incidence of Gas- 
trointestinal Nematodes of Cattle in the 
Southeastern United States” by Dale A. 
Porter, Sc.D., of Auburn, Ala., appearing 
in the July issue, Vol. III, No. 8, p. 304, 
line 26, insufficient should read sufficient. 


In the article entitled ‘“Homogenized 
Sulfanilamide-in-Oil Intramammary Injec- 
tions in Bovine Mastitis” by J. V. Kakavas, 
PhD., C. C. Palmer, D.V.M., M.S., James R. 
Hay, B.A., D.V.M., and Edward S. Biddle, 
M.S., Newark, Del., appearing in the July 
issue, Vol. III, No. 8, p. 274, the first sen- 
tence in the second column should read as 
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follows: Little reported that the oral 
administration of as much as 1,361 Gm. of 
sulfanilamide per cow failed to destroy the 
streptococci in the infected quarters. 


Change in Reference Style 

The American Veterinary Medical Asso- 
ciation has adopted a new style of identi- 
fying references, namely: 

Smith, J. W., and Jones, L. R.: Chronic 
Myeloid Leucemia in a Hog. Am. J. of 
Path., 43, (Dec. 1916): 129-135. 

The new style has not been followed con- 
sistently in this issue because no changes 
have been made in material already set up. 
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The Pathology of Equine Influenza 


MAJOR T. C. JONES, V.C., and CAPT. FRED D. MAURER, V.C. 
Front Royal, Virginia 


EQUINE INFLUENZA constitutes a serious 
problem in the assembling and condition- 
ing of remounts for military service. The 
disease is prevalent in remount depots and 
other places where young, susceptible 
horses and mules are collected in large num- 
bers. The Veterinary Research Laboratory, 
Army Remount Depot, Front Royal, Va., 
was established largely to develop methods 
for the control of this disease. The studies 
reported in this paper are designed to aid 
in the understanding of the basic charac- 
teristics of equine influenza. The report is 
based upon 150 postmortem examinations 
among over 4,000 cases available for clin- 
ical observation. 


CLINICAL MANIFESTATIONS 


Equine influenza, as seen at this remount 
depot, is an acute, infectious disease of the 
respiratory system, characterized primarily 
by high fever, cough, rhinitis, and fre- 
quent pulmonary involvement. Its onset is 
sudden with elevated temperature (103 to 
106 F.), depression, weakness, congested 
nasal mucosae, and occasionally anorexia. 
A eatarrhal rhinitis which later becomes 
mucopurulent is soon evident. A dry hack- 
ing cough is usually observed. Occasionally, 
the tendon sheaths and joint capsules ex- 
hibit a transient swelling. In a strictly un- 
complicated case, the disease terminates 
neventfully in a week to ten days. 

Some animals show a milder course of 
nfluenza than that described above. Com- 
plications, however, are common in young 
animals recently arrived at remount de- 

its. Hemolytic streptococci are the most 
requent secondary invaders; complica- 

ons will depend to a great extent upon 
here the organisms happen to localize. 


Presented before the Section on Research at the 
venty-ninth annual meeting of the American Vet- 
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1-27, 1942. 

From the Veterinary Research Laboratory, Army 
emount Depot. 


The most common complication is suppura- 
tion of the submaxillary and parapharyn- 
geal lymph nodes. This is characteristic of 
the condition called strangles, which we 
believe is secondary to equine influenza. 

Pneumonia is a frequent complication 
and the most serious one; it occurs more 
often than is generally believed. Its diag- 
nosis in horses is difficult, especially if only 
the apical part of the lung is involved. A 
severe neutrocytosis in influenza usually 
indicates pneumonia—a fact of value in 
diagnosis. Purpura  hemorrhagica is 
another common complication; it is charac- 
terized by the sudden appearance of bright- 
red petechiae in the nasal mucosa and by 
sharply demarcated, edematous swellings 
on the legs and abdomen. The observa- 
tions of Theiler, Ahmed,? Cohrs,* and 
others are in agreement with us on this 
point. A more detailed consideration of 
the epizoétiology of influenza and its com- 
plications will be given elsewhere.‘ 

The blood picture® depends upon the 
nature and severity of complications. Dur- 
ing the initial fever, the leucocyte count at 
first is unchanged, or only slightly elevated. 
It is then followed by a marked leucopenia 
of a few days duration, often associated 
with a relative lymphocytosis. Then, an 
abrupt increase in  polymorphonuclear 
neutrophile leucocytes occurs. The total 
leucocyte count may exceed 30,000 cells per 
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Fig. |.—Nasal septum, gross specimen. Early equine influenza. Multiple hemorrhages in mucosa. 
Arrow indicates posterior nares. Army Medical Museum negative 73399. 


cmm., over 90 per cent of the cells being 
neutrophiles. During convalescence, the 
neutrophile count drops rapidly. A moder- 
ate lymphocytosis or monocytosis may oc- 
cur late in convalescence. Other elements 
of the blood are not significantly affected 
in this disease. 


ETIOLOGY 


Experiments conducted in our labora- 
tory® indicate that equine influenza, like in- 
fluenza in man and swine, is caused by a 
filterable virus. A mild, uncomplicated, 
febrile reaction follows exposure of suscep- 
tible animals to the virus. On the con- 
trary, it has not been possible to produce 
the disease with bacterial organisms alone. 
When the virus is given to susceptible 


“To be published. 


horses together with cultures of strepto- 
cocci, the typical disease develops. At this 
station, we have found that hemolytic 
streptococci are invariably present in the 
nasal passages of horses sick with equine 
influenza. 


In our series, bacteriological studies 
were made in 137 cases. Hemolytic 
streptococci of the Lancefield type C were 
isolated from the lungs of 128 animals 
While frequently not obtained in pure cul- 
ture, they were the predominating organ- 
isms in all cases. No other organisms 
were isolated with as marked regularity 
Streptococci were not recovered from 9% 
cases. Our findings confirm the belief that 
hemolytic streptococci are the most im- 
portant bacterial organisms involved. 
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PATHOLOGY 


n our autopsies, 141 were performed on 
naturally infected cases which terminated 
fatally. Nine autopsies were on experi- 
mentally infected horses, destroyed at in- 
tervals during the course of the disease. 
Among the 141 cases of naturally infected 
animals, 135 terminated with involvement 


2 


found to be numerous; later the initial 
mucous exudate was more and more mu- 
copurulent. 

Lymph nodes.—At first, the submaxillary 
and parapharyngeal lymph nodes were 
edematous, enlarged, and congested. Later 
they may develop purulent foci (fig. 4). 

Lung.—Ordinarily, the lung was not in- 


Fig. 2.—Nasal mucosa, x!00. Early equine influenza. Desquamation of epithelium, edema 


and leucocytes in submucosa. 


of the lungs; 6 cases did not show signifi- 
cant pulmonary disease. These 6 cases will 
be diseussed more fully under complications. 

Respiratory tract.—In the initial stages, 
the lesions were confined to the upper 
respiratory tract and adjacent lymph 
nodes. Grossly, the nasal and turbinate 
m icosae were congested, often covered with 
pe echiae and glistening with excess mucus 
1). Microscopically, the epithelium 
ws eroded in some areas, and inflamma- 
tc y eells, mostly lymphocytes, were seen 
tc invade the submucosa (fig. 2 and 3). As 
disease progressed, goblet cells were 


Army Medical Museum negative 73387. 


volved until several days after the onset 
of the disease. Petechiae in the bronchial 
mucosa were seen, but they were not con- 
stant. The characteristic early lesions in 
the lung occurred in the apical and ventral 
parts of the lung (fig. 5). Here a marked 
edema and thickening of the interlobular 
septums and distention of subpleural lym- 
phatics were seen (fig. 6). On the pleural 
surface and cut sections, the involved sep- 
tums appeared as thick white bands, often 
as much as 15 mm. in width. A similar 
reaction was seen around blood vessels and 
bronchioles (fig. 8), Microscopically, this 
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Fig. 3.—Nascal mucosa, x100. Early equine influenza. Leucocytic infiltration of submucosa (a) and 
mucosa (b); desquamation of epithelium (c). Army Medical Museum negative 73385. 
Fig. 4.—Submaxillary lymph node, x600. Early equine influenza. Inflammatory edema in hilux (arrow). 
Army Medical Museum negative 73414. 
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Early influenzal pneumonia; 
a Left lung, horse. 


Fig. 5.—Lung. Gross drawing. Early influenzal pneumonia. Note the inflammatory thickening of the 
subpleural lymphatics in the apex and posterior to the cardiac notch. Army Medical Museum nega- 
tive 73512. 

Fig. 6—Lung. Photograph. Early influenzal pneumonia. Note inflammatory thickenng of the 
subpleural lymphatics (arrows). (a} Cardiac notch, (b) ventral border of lungs, (c) Artefact (high- 
light). Army Medical Museum negative 73402. 


Res 1943 EQUINE INFLUENZA 19 
\ 
| — 
part 
av? 
nats & 
« 
a 
J 
{ 
£)% 
— 


20 T. C. JONES AND FRED D. MAURER 


AM. J. VET. Res 


& 


Fig. 7.—Lung. Photograph. Transverse section just posterior to cardiac notch. Equine influenzal 
pneumonia—convalescence. Note the thickened interlobular septums (arrows). No consolidation was 
present in this lung. Army Medical Museum negative 73400. 


thickening was seen to be due to serous, 
fibrinous, and purulent exudates. Later, 
the exudate was organized and remained 
as bands of white fibrous material extend- 
ing from the pleura into the substance of 
the lung (fig. 7). This interstitial inflam- 
mation is an outstanding characteristic of 
equine influenzal pneumonia. 

In some cases, however, the interstitial 
changes were obscured by other lesions, 
particularly by consolidation of the lung 
tissue proper. The location of the consoli- 
dated areas was quite constant. The apex 
was affected first, then the ventral portion 
just posterior to the cardiac notch was in- 
volved. The consolidation process tended 
to spread, but the dorsal parts were last to 
become affected. The dorsal area was 
characteristically demarcated from the ven- 
tral, consolidated portions. In all cases, 
both lungs were involved, although rarely 
to an equal degree. 

The type of exudate which predominated 
in a pneumonic lung varied with the 
amount of initial infection, the suscepti- 
bility of the animal, the complications, and 
the duration of the disease. The earliest 
exudate was hemorrhagic. In lungs con- 
taining such exudate, the consolidated 
parts were dark red, heavy, airless, and 


exuded considerable bloody fluid when cut. 
It was rare, however, to find pneumonic 
lungs which were entirely hemorrhagic, 
but at the height of an outbreak in the 
winter of 1940 and 1941, a considerable 
number of cases were of this type. At this 
time, the disease had a fulminating course. 
Frequently, an entire lung was found to be 
hemorrhagic. 

As leucocytes became more numerous and 
red cells broken down, the cut surface as- 
sumed a gray, less moist appearance, but 
remained quite firm and airless. Fre- 
quently, different lobules were in various 
stages of consolidation and resolution, giv- 
ing the cut surface a “patchy” appearance, 
with areas of red interspersed among 
areas of various shades between red and 
gray. 

In later stages of the disease, the com- 
plicating action of various secondary in- 
vaders was often evident. Grossly, plugs 
of inspissated purulent material could usu- 
ally be expressed from cut surfaces of the 
lungs. Large areas of liquifaction necrosis 
and confluent abscesses were sometimes 
present. These were usually in the center 
of the lung. When necrosis developed, it 
was commonly accompanied by a foul odor. 

Occasionally, circumscribed abscesses 
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re seen throughout the lung (fig. 17). 
(hey were most often subpleural. These 
scesses often followed prolonged cases of 
strangles. We believe that they were 
etastatic and comparable to the metastatic 
scesses seen in the subcutis, kidneys, and 
her organs in such cases. 

Often the pleura was involved. When 
pleuritis occurred, it was primarily fibrino- 
purulent in nature. Commonly, the sur- 
face was covered with a yellow, shaggy, 
fibrinous exudate interspersed with much 
purulent material. The pleural fluid was 
increased in amount and sanguinous or 
sanguinopurulent in character and some- 
times persisted for considerable periods. 
In late cases, adhesions between the pleural 
surfaces were common and sometimes in- 
volved the entire costal surface of one or 
both lungs. It was found that a chronic 
pleuritis following equine influenza may 
result in marked compression of the lung 
due to the accumulation of fluid in the 
thorax. 

Microscopic Picture of the Lungs.—We 


— 


now consider in greater detail the micro- 
scopic picture in the lung. Many stages 
of inflammation are usually represented in 
sections from the same lung; this great 
variability is one of the dominant charac- 
teristics of the disease. We have already 
described the earliest changes which ap- 
peared in the interstitial tissues. Hemor- 
rhagic exudate into the _ interalveolar 
stroma seemed to be the next step (fig. 10). 
Then, red cells, serous and fibrinous exu- 
dates flooded the interalveolar tissues and 
alveoli in turn (fig. 11), and leucocytes 
were soon added (fig. 12). Macrophages 
also appeared and were filled with blood 
pigment and debris as the red cells disin- 
tegrated. Microscopic fields in which neu- 
trophiles filled all the alveoli were seen, 
while in adjacent fields mononuclear cells 
predominated (fig. 15). The alveolar walls 
usually remained intact, unless abscess 
formation or necrosis had taken place. At 
later stages, fibrin and cells were broken 
down and the exudate tended to become 
resorbed. When resolution was delayed, 


~ 
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Fig. 8.—Lung. Photomicrograph, x5'/2. Fatal case of equine influenzal pneumonia. Note the inflam- 
matory edema of the interlobular septum (a) and peribronchial tissue (b). Most densely consolidated 
area on the right. (c) artefact. Army Medical Museum negative 73419. 
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Fig. 9.—Lung, x130. Higher magnification of indicated area in fig. 8. Edema, fibrin, and neutro- 
philes in interlobular septum. Army Medical Museum negative 73383. 
Fig. 10.—Lung, x600. Equine influenzal pneumonia; early consolidation. Red cells (a) serum and 
fibrin (b) in alveoli. Army Medical Museum negative 73413. 
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there was organization of the exudate. The 
bronchioles usually contained exudate simi- 
lar to that in the adjacent alveoli. In some 
cases, the consolidations were directly peri- 

onchiolar, and appeared to have spread 

m the bronchi to the alveolar tissue; 
elsewhere, bronchial involvement seemed to 
e secondary to the alveolar consolidation. 
Thrombosis of vessels in the involved areas 
vas commonly observed (fig. 16). 

The pleura was frequently thickened by 
serous and fibrinous exudates with varying 


a” 


Fig. 11.—Lung, x!00. Equine influenzal pneumonia. 
tion (b). Early consolidation. Army 


degrees of organization and infiltration by 
neutrophiles and mononuclear cells (fig. 
18). The mesothelial layer in some cases 
was covered by fibrinous and purulent exu- 
ite containing bacteria. The connective 
tissue septums extending into the lung 
parenchyma from the pleura were similarly 
elematous and infiltrated with leucocytes. 
The lesions in the mediastinal lymph 
ides were secondary to those in the lungs. 
the earliest stages, these nodes were 
‘eatly swollen, edematous, and congested. 


As the disease progressed, there was an 
increase in the numbers of immature lym- 
phoid cells, and the germinal centers were 
no longer discernible. A marked fibrosis 
of these nodes was seen in longstanding 
cases. Abscess formation was not com- 
mon. 

Lesions in other organs.—Equine influ- 
enza primarily affects the respiratory sys- 
tem but, as has been stated, complications 
are very frequent in other organs. The 
extent of nonrespiratory lesions is de- 
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Interalveolar edema (a) and leucocytic infiltra- 
Medical Museum negative 73391. 


pendent upon the duration of the disease 
and the secondary bacterial invaders; they 
are especially common when septicemia oc- 
curs. These lesions are of interest in order 
to understand the entire picture and in 
some cases are important from the stand- 
point of differential diagnosis. 
Heart.—When pleuritis occurred, the 
outer layers of the pericardium (including 
pericardial pleura) were constantly in- 
volved. They were thickened, edematous, 
and tovered with an exudate similar to 
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Fig. 12.—Lung, x600. Equine influenzal pneumonia. Interalveolar leucocytic infiltration. (a) alveolus. 
Army Medical Museum negative 73412. 
Fig. 13.—Lung, x600. Equine influenzal pneumonia. Alveoli (a) are filled with serous exudate. Many 
coccoid bacteria also present. Army Medical Museum negative 73415. 
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Fig. 14.—Lung, x280. Equine influenzal pneumonia. Neutrophile and mononuclear leucocytes in alveoli 
and bronchus; also inflammatory thickening of perivascular and peribronchiolar tissues. Army Medical 
Museum negative 73382. 

Fig. 15.—Lung, x600. Equine influenzal pneumonia. Higher magnification of exudate seen in fig. 14. 


Army Medical Museum negative 73417. 
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Fig. 16.—Lung, x125. Equine influenzal pneumonia. Thrombus in a consolidated area. Army Medical 
Museum negative 73418. 
Fig. 17.—Lung, x280. Wall of metastatic abscess. Vascular granulation tissue infiltrated by 
leucocytes, principally mononuclear. Army Medical Museum negative 73416. 
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on the pleura. More rarely, the inner 

r, 2.e., the epicardium and pericardium, 

e involved with like exudate. Usually, 
pericardial fluid was slightly increased 

n amount and tinged with blood. The epi- 
‘-ardium was usually petechiated, especially 
the coronary groove. The myocardium 


Fig. 18.—Pleura, x100. Equine influenzal pleuritis. 
New granulation tissue on each side of mesothelium; 
fibrinous exudate (a) on surface. Army Medical 

useum negative 73380. 


s often pale, greyish, and flaccid. Oc- 
asionally, the endocardium was involved 

dark subendocardial hemorrhages. Large 
agonal clots were commonly found in the 
‘izht heart, less often in the left. In one 
‘ase, we found a large abscess in the sep- 
tum between the ventricles. 


The microscopic picture corresponded to 
that seen grossly. The mottled areas in 
the myocardium were due to degeneration 
and necrosis of some muscle bundles. Sube- 
picardial, subendocardial, and myocardial 
hemorrhages were seen, occasionally ac- 
companied by small purulent foci. The 


Fig. 19.—Voluntary muscle, x30. Purpura hemor- 
thagica. Extensive inflammatory edema (a) in sub- 
cutis; necrosis and inflammatory edema of muscula- 
ture (b). Army Medical Museum negative 73394. 


cardiac lesions result from the heavy bur- 
den placed on the heart by the consolidated 
lungs, the toxemia, and by direct bacterial 
invasion. 

Kidneys.—In acute cases, the kidneys 
were congested, but otherwise not markedly 
affected. Microscopically, there was mild, 
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cloudy swelling. Occasionally, small foci 
of neutrophiles or round cells were seen in 
the stroma. In longstanding cases, the 
kidneys were often enlarged and pale, due 
to degenerative changes in the lobules. 
Occasionally, small abscesses were seen 
grossly. The microscopic picture here is 


at 


Fig. 20.—Voluntary muscle, x!00. Purpura hemor- 
rhagica. Interstitial inflammatory edema (a) and 
necrosis of muscle bundles (b). Army Medical Museum 
negative 73388. 


one of an interstitial infiltration of leu- 
cocytes and hemorrhage with some tubular 
degeneration (fig. 23). These lesions ap- 
pear to be metastatic. 

Brain and spinal cord.—The brain and 
cord were not primarily involved, but they 
may be secondarily affected. Infection 


spreads directly from abscesses of the up- 
per respiratory tract, parotid lymph nodes, 
or the gutteral pouch; or bacteria may be 
carried by the blood stream. The picture 
was most often one of purulent meningo- 
encephalitis; the spinal meninges were less 
often involved. Occasionally, large ab- 


Fig. 21.—Small intestine, x30. Purpura hemor- 
rhagica. Inflammatory edema of wall, especially 
marked in muscularis. Army Medical Museum nege- 
tive 73377. 


scesses may develop in the cerebrum (fiz. 
24). The microscopic lesions are qui‘e 
characteristic. An intense purulent peri- 
vascular reaction was seen in the neighbor- 
hood of the abscesses (fig. 25). These 
reactions serve to differentiate influenza! 
meningoencephalitis from _ encephalitis 
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ised by viruses not associated with 


bacteria. 


Liver.—Grossly, the liver was usually 
ngested, often friable and mottled with 
reas of pale yellow; lobulation quite dis- 
net. The microscopic picture was that of 
hronic passive congestion; occasionally, 


‘here was central necrosis. Areas of fatty 
changes were commonly encountered. 


Spleen.—Ordinarily, the spleen is not 
nvolved, but in some cases when septicemia 


é 


often disappeared just prior to death and, 
for that reason, was not seen at autopsy. 
Usually, however, characteristic dark, dis- 
colored areas remained in the superficial 
muscles. Microscopically, these lesions con- 
sisted of foci of necrosis in the muscle 
bundles with inflammatory exudates in the 
surrounding interstitial tissues (fig. 20). 
The exudate was primarily serous and 
fibrinous with accompanying collections of 
neutrophiles. Thrombosed blood vessels 


Fig. 22.—Mesentery of small intestine, x100. Purpura hemorrhagica. Thrombus in vein. These are 
numerous in the mesentery near the intestine. Army Medical Museum negative 73378. 


ccurred there was a marked congestion and 
welling. The microscopic picture was one 
ff acute “splenic tumor.” 
Eyes.—lIridocyclitis occurs in a small 
ercentage of equine influenza cases. In 
ne case of our series, an acute purulent 
‘idocyclitis was observed; it affected both 
ves one day before death. 

Purpura hemorrhagica. — In approxi- 
ately 14 per cent of our autopsies, pur- 
ura hemorrhagica was a complication. The 
evere subcutaneous edema in these cases 


were numerous in these areas (fig. 22). 
In many cases, the intestinal wall was in- 
volved in a manner similar to that seen in 
the subcutis and musculature. When this 
occurred, the wall was thickened, dark, ede- 
matous, and hemorrhagic (fig. 21). Char- 
acteristic hemorrhages in the nasal mucosa 
may or may not be seen at autopsy. In the 
majority of the cases of purpura, a chronic, 
localized inflammation with considerable 
necrosis was found in one or both lungs. 
Six cases in our series died without 
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significant pulmonary involvement. These 
cases differ from the majority and hence 
will be mentioned briefly. One animal died 
from laryngeal stenosis which followed a 
large abscess localized adjacent to the 
larynx. The disease started originally as 
influenza with subsequent purulent involve- 
ment of the lymph nodes of the upper 
respiratory tract. One animal died of puru- 


SUMMARY 


A study of 150 autopsies of equine in- 
fluenza as seen at a remount depot is pre- 
sented. The disease is described as an 
acute, infectious disease of the respirator 
tract with frequent complications. At the 
height of a severe outbreak, it assumed the 
characteristics of a hemorrhagic pnev- 
monia. The etiology is complex. The 
disease is caused by a filterable virus asso- 


Fig. 23.—Kidney, x280. Wall of metastatic abscess. 
(a) Distended renal tubules, (b) abscess. Army 
Medical Museum negative 73420. 


lent meningoencephalitis which reached the 
meninges by extension from abscesses in 
the pharyngeal region. Four cases de- 
veloped fatal septicemia and metastatic 
abscesses without involvement of the lungs. 


Fig. 24.—Cerebrum, x!00. Influenzal meningoen 
cephalitis; wall of metastatic abscess. (a) Abscess 
Army Medical Museum negative 73397. 


ciated with streptococci. The lesions in th« 
earliest stages of the disease are confine: 
to the turbinates, the nasal mucosa, and th« 
lymph glands of the upper respirator) 
tract. Erosion of epithelium, congestion 
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d cellular infiltration of the nasal mu- 
sa and submucosa are probably the earli- 
st manifestations. They are followed by 
arked activity and proliferation of the 
ucous glands. The submaxillary and 
irapharyngeal lymph glands are initially 
lematous and congested; later suppura- 


tion may occur. In the lung, the anterior 


ind ventral parts are involved first. The 
nitial lesions are located in the interstitial 
issues and consist of edema and fibrinous 


filtration, which are followed by organ- 
ation and fibrosis. Consolidation of the 
ng tissue with hemorrhagic exudate 
llows the interstitial changes. The hemor- 
nagic exudate is later replaced by fibrin- 
is and purulent exudates. When these 
xudates are not resorbed, organization 
ith intense round cell infiltration super- 
nes. Liquifaction and cavitation are 
mmon complications. 

The lesions in other organs are secondary 
nd vary with the duration of the disease 


and the occurrence of septicemia. Ab- 
scesses in the kidney, myocardial degener- 
ation, and passive congestion of the liver 
are common. Purpura hemorrhagica is an 
important complication. It is characterized 
by edema, hemorrhage, and necrosis in the 
subcutaneous muscles, nasal mucosa, and 
intestinal walls. Meningoencephalitis oc- 
casionally develops in the disease. This 
can be differentiated from equine en- 
cephalomyelitis by the intense purulent 


Fig. 25.— Cerebrum, x600. Influenzal meningoencephalitis. Purulent perivascular exudation. Army 
Medical Museum negative 73389. 


involvement of the meninges and the puru- 
lent nature of the perivascular exudate. 
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A Superior Medium for the Hemophilic Fowl Coryza Bacillus 


D. W. GREGORY, M.S. 
Raleigh, North Carolina 


SINCE THE PRIMARY isolation of the fowl 
coryza bacillus by DeBlieck' in Europe and 
by Nelson? in the United States, several 
investigators have reported the organism 
difficult to cultivate on or in artificial 
mediums.* The organism colonizes poorly 
or not at all on blood agar under ordinary 
incubation conditions. Nelson? found it 
necessary to seal Petri dishes with clay, and 
Schalm and Beach* could not obtain growth 
except when plates or slants were incubated 
in an atmosphere of 10 per cent carbon 
dioxide. Delaplane and associates* failed 
to obtain growth in blood-free mediums of 
several different types, and Nelson® stated 
that “it fails to grow in bouillon containing 
X and V factors of plant origin, suggesting 
that its growth requirements may not in- 
clude these accessory factors.” 

In this laboratory, growth of the fowl 
coryza bacillus has been unsatisfactory until 
quite recently. Our tests indicate that the 
organism fails to colonize on blood agar 
unless incubated in an atmosphere of in- 
creased carbon dioxide tension, and even 
then, growth often fails. When seeded in 
blood at the base of nutrient agar slants, 
as suggested by Delaplane,® growth usually 
results, but is often poor. Unless the blood 
is fresh, growth fails to take place. Growth 
in this medium appears to be improved to 
some extent by incubating the slants in an 
atmosphere of 10 per cent carbon dioxide. 


Published with the approval of the director as 
paper No. 149 of the journal series; contribution 
from the Department of Poultry Science, North 
Carolina Agricultural Experiment Station. 

Assistant in Poultry Science, University of North 
Carolina. 

While this article was in press, the writer dis- 
covered that B. H. Kessens, in a privately pub- 
lished doctorate thesis (Vergelijkend Onderzoek 
Betreffende Haemophilus Coryza, Haemophilus In- 
fluenzae en Andere Haemophiele Bacillen. Rijks 
Univ., Urtrecht. 1936), reported success in growing 
a fowl coryza organism in broth plus small pieces 
of potato. However, some of the cultural charac- 
teristics which Kessens ascribed to this organism 
strongly indicate that he was using an organism 
different from that studied by American workers. 


In view of the poor growth obtained in 
and on the commonly used mediums, at- 
tempts have been made in this laboratory 
to develop a more satisfactory medium. A 
number of different mediums have been 
tried, among them being potato agar, potato 
broth, blood plus broth, filtrate from ground, 
uncooked chicken livers steeped in physio- 
logical saline, and chicken infusion broth 
plus small pieces of uncooked potato. Of 
the mediums tried, the blood broth and liver 
filtrate gave good results, and the chicken 
infusion plus raw potato gave excellent re- 
sults. 

The chicken infusion is prepared by 
steeping 500 Gm. of ground chicken meat 
in 1,000 cc. of tap water or in distilled 
water overnight. This is then boiled for 
thirty minutes, filtered through filter paper, 
adjusted to pH 7.5 to 7.6, autoclaved, and 
tubed in 5-cc. quantities. Sufficient sodium 
chloride is added before sterilization to 
make the infusion physiological. Potatoes 
are washed in water and then in 70 per cent 
alcohol. A knife is flamed and used to re- 
move one end and two sides of a potato, the 
cut surfaces of which are flamed. Large 
pieces of potato are then removed with a 
sterile knife and placed in Petri dishes. The 
large pieces are cut into approximately 0.5 
cc. squares and one square is placed in each 
tube of broth. The medium is incubated 
forty-eight hours at 37 C. before use. 
Thjotta and Avery,’ in 1921, prepared a 
similar medium which was highly satisfac- 
tory for Hemophilus influenzae. 


Three strains of the fowl coryza bacillus 
have been grown for extended periods in 
this laboratory in the chicken infusion- 
potato medium; 2 of the strains, 21 and 31, 
were isolated in North Carolina and the 
third, 44, was obtained from Dr. John P 
Delaplane, now of Texas A. & M. College. 
At this writing, strain 21 has been consecu- 
tively transferred 19 times in chicken in- 


(32) 


| 
| 
| 
| 
| 
| 
| 
= 
| | 
| 
| 
| 
| 
| 
| 
| 


JANUARY 1943 


FoOwL CoRYZA BACILLUS 33 


fusion-potato broth, strain 31, 13 times, 
and strain 44, 14 times. Transfers have 
been made every five to seven days. 

After twenty-four hours incubation at 
27 C. in chicken infusion-potato broth, the 
fowl eoryza bacilli strains produce a tur- 
bidity approximately equivalent to that pro- 
duced by Salmonella pullorum in, 1 per cent 
peptone broth in the same period. The 
turbidity is uniform throughout the me- 
dium and there is no pellicle produced. 
Further incubation usually does not pro- 
duce greater turbidity. Films of cultures 
grown for twenty-four hours in the chicken 
infusion-potato broth which has been ad- 
justed to pH 7.6 before seeding, and stained 
by the Gram method, show small gram- 
negative rods which are quite regular as to 
size, shape, and arrangement. The stain- 
ing may be even, bipolar, or highly irregu- 
lar. When strain 21 is seeded in chicken 
infusion-potato broth adjusted to pH 6.4, 
the culture tends to form long chains. All 
3 strains tend to be rather pleomorphic 
when grown in blood at the base of nutrient 
agar slants. 

Preliminary studies indicate that for 
growth to take place sodium chloride or 
some other salt must be present in the 
medium. Growth of strain 21 will take 
place without sodium chloride in the chicken 
infusion-potato medium at a pH of 7 to 7.6, 
provided small amounts of phosfate buffer 


M 
( =) are present. However, growth in 
60 

such mediums tends to produce large swol- 


len and pleomorphic forms. The data of 
Delaplane and associates* indicate that 
dium chloride is essential for growth of 
the fowl coryza bacillus. Growth in chicken 
infusion-potato medium does not seem to be 
improved by incubation under increased 
rbon dioxide tension. 
Koch’s postulates have been fulfilled for 


the North Carolina strains on a number of 
occasions. Chickens have been infected in- 
tranasally with small quantities of 24-hour 
cultures in chicken infusion-potato medium. 
Evidence of infection is usually noted in 
twenty-four to seventy-two hours, and the 
gram-negative fowl coryza organism can 
usually be cultivated from the edematous 
facial tissue of the infected birds. 

We can only speculate as to why no one 
has been able to obtain growth of the fowl 
coryza bacillus in mediums of this type 
long before. It is unlikely that the variety 
or region in which the potatoes are grown 
would affect the efficacy of the medium. The 
potatoes used in this study were grown in 
Idaho, Pennsylvania, and North Carolina. 
Potatoes from all three regions were appar- 
ently equally effective. Since the presence 
of sodium chloride or some other salt was 
found to be necessary for growth to take 
place, it appears possible that success was 
not achieved in the past because this in- 
gredient was left out of the medium. 
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Studies on Johne's Disease: Reactions to Johnin in Sensitized 
Guinea Pigs 


H. KONST, D.V.M., and E. A. WATSON, V.S. 
Hull, Quebec 


BEFORE DIAGNOSTIC agents, such as johnin 
and tuberculin, may be used with safety 
and on a large scale in the field, their 
potency and specificity must be assayed 
experimentally. 

In the examination of tuberculin for 
these properties, the original lethal-—or 
shock—test on tuberculous guinea pigs, or- 
iginated in 1891 by R. Koch, has been modi- 
fied repeatedly and a number of other bi- 
ological as well as serological methods have 
since been tried with more or less favor- 
able results. At present, the titration by 
the intracutaneous test on sensitized 
guinea pigs, introduced by Lewis and Aron- 
son!® in the United States and by Eagle- 
ton and Baxter? in England, is most com- 
monly used for this purpose due to its 
comparative simplicity, lower cost, and 
fairly high accuracy. In May, 1935, the 
Health Committee of the League of Na- 
tions recommended this procedure with 
certain modifications in technique. 

If tuberculin is intended for use in cat- 
tle, the results of the intracutaneous guinea 
pig test are usually verified on tuberculous 
and healthy animals of that species before 
issue. 

The proper standardization of johnin by 
similar methods presents some difficulties 
not encountered with tuberculin for the rea- 
son that laboratory animals are refractory 
to Johne’s disease, and naturally or arti- 
ficially infected cattle show during the 
course of the disease a varying degree of 
sensitivity toward the specific diagnostic 
agent. Such fluctuations in the allergic 
state have been observed by Minett!? during 
periodic intradermal johnin tests in natural 
cases while similar results were obtained 
in this institute in artificially and naturally 
infected cattle. 


Animal Diseases Research Institute, Hull, Que., 
Division of Animal Pathology, Science Service, 
Dominion Department of Agriculture. 


In the absence of a suitable laboratory 
animal, the bovine species has been used 
generally for an approximate evaluation of 
johnins, before their issue to the field. 
Vallée and Rinjard?°: °° checked the potency 


of their product on cattle, artificially 
sensitized by subcutaneous inoculation 
of Johne’s bacilli suspended in mineral 


oil to which was added some inert sub- 
stance, such as powdered glass or sand. 
Dunkin® claimed good results in the assay- 
ing of the specific and nonspecific properties 
of successive lots of johnins by intradermal 
tests on healthy and naturally infected cat- 
tle. Buxton and Glover? attempted to in- 
crease the sensitivity of cattle to johnin by 
subcutaneous injections of Johne’s bacilli 
coated with gum acacia and suspended in 
mineral oil. A marked allergy was attained 
which soon declined in most of the treated 
animals. 

As the maintenance of even a small num- 
ber of cattle infected with Johne’s disease 
is expensive and their housing and isola- 
tion cumbersome, the use of small, properly 
sensitized, laboratory animals would obvi- 
ously have many advantages in the stand- 
ardization of johnin. 

That guinea pigs acquire a certain de- 
gree of sensitivity toward johnin after the 
inoculation of large doses of Johne’s bacilli 
has been known for many years. Boquet! 
was one of the first to study the allergic 
reactions of these animals after the intra- 
peritoneal injection of 100 to 150 mg. of 
living cultures of Johne’s bacilli. After a 
lapse of fifteen to twenty days the guinea 
pigs responded to the intradermal injection 
of 0.1 cc. johnin in a dilution of 1 : 10 with 
a well marked edematous swelling appear- 
ing toward the eighteenth hour and increas- 
ing in size up to the forty-eighth hour. 
Generally, no necrosis was observed. The 
reactivity of the animals persisted for more 
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than eight months. An even more extended 
local reaction, often progressing to necrosis, 
was obtained in the same guinea pigs to 
similar doses of avian and bovine tuber- 
culin, 
Hagan and Zeissig'! used for the 
sensitization of guinea pigs heavy sus- 
ensions of Johne’s bacilli in paraffin 
applied subcutaneously. The _ sensit- 

ization of their animals became appar- 
approximately twenty-one days after 
injection of the bacillary suspension 

and the reactions were well marked. While 
mining the comparative value of avian 
erculin and johnin in intradermal tests 
the sensitized guinea pigs, these work- 
observed that some of their johnin 
hes were of lower potency than the 

avian tuberculin of apparently standard 
ngth. 


After completion of this paper, the ar- 
ticles of Glover! and of Johnson and Cox! 
were published. Glover used guinea pigs, 
sensitized by intraperitoneal injections of 
Johne’s bacilli suspended in mineral oil, 
in extensive intradermic standardization 
tests of heat-concentrated johnins as well 
as of their purified protein derivative 
(p.p.d.). The sensitization in successive 
batches of guinea pigs appeared to be of a 
similar level and permitted the determina- 
tion of a 50 per cent variation in potency 
as compared with a johnin standard chosen 
at random. 

Johnson and Cox, however, were unable 
to obtain a lasting and uniform sensitiza- 
tion of guinea pigs with either subcutane- 
ous or intraperitoneal injections of Johne’s 
bacilli suspended in mineral oil. In their 
experiments, male birds of the White Leg- 
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horn breed proved to be more suitable for 
the standardization of johnin. 

Since June, 1935, experiments have been 
under way in the Animal Diseases Research 
Institute with the object of determining the 
usefulness of guinea pigs for the biological 
evaluation of the johnins prepared in the 
Institute. At this time, preliminary in- 
tradermal johnin tests made on animals in- 
oculated subcutaneously and intraperitone- 
ally with doses varying from 5 mg. to 30 
mg. for the primary purpose of determining 
the purity of the Johne’s bacillus stock cul- 
tures, showed that guinea pigs so treated 
became sensitized to johnin. As the re- 
activity of the animals varied to a consid- 
erable extent according to the route of 
injection and the time elapsed since the 
administration of the bacilli, it seemed of 
foremost importance to determine more 
closely : 

1) The relationship of the route of inocu- 
lation to sensitization. 

2) The time period at which the peak of 
sensitization is reached. 

The first part of the work was, therefore, 
concerned mainly with the gathering of 
experimental data in respect to these two 
factors. Numerous guinea pigs, divided 
into smaller or larger groups, were inocu- 
lated by various routes with a single dose 
of living cultures of Johne’s bacilli and 
tested at more or less regular intervals with 
johnins prepared in this laboratory. 

Five routes of sensitization were com- 
pared, directing the main attention to the 
intraperitoneal and subcutaneous methods. 
The doses of Johne’s bacilli injected varied 
to some extent according to the route, but 
were as a whole, closely comparable: 
dose 30 mg. 
dose 50 mg. 
dose 30 to 50 mg. 


dose 10 to 20 mg. 
dose 30 to 50 mg. 


a) Intraperitoneal route 
b) Subcutaneous route 
c) Intradermal route 
ad) Intracardial route 
e) Per os route : 
Adopting the vehicle used by Calmette 
and Guérin in the vaccination of calves 
with BCG. against tuberculosis,'* the 
Johne’s bacilli were suspended in a mix- 
ture of one part of Sauton’s synthetic me- 
dium and three parts of physiological saline 
solution, which henceforth will be referred 
to as Sauton saline. However, in one series 


of experiments carried out with the sub- 
cutaneous route, paraffin oil was used par- 
allel with Sauton saline as a vehicle for the 
bacillary suspension. In consequence, ap- 
proximately 60 per cent of the johnin tests 
summarized in chart 1 under “subcutaneous 
route” refer to tests made on guinea pigs 
sensitized by this modified method. 


The amount of johnin injected remained 
invariably 0.1 cc. Various preparations 
were applied but they may be divided into 
two main groups: 

a) Concentrated to 1/10 original volume in 
the usual manner on the water bath. 

b) Purified and concentrated by precipita- 
tion with ammonium-sulfate, or by ultrafil- 
tration, or by ultrafiltration followed up with 
trichloracetic acid precipitation (p.p.d.), re- 
spectively. 

While the products obtained by am- 
monium-sulfate-precipitation or  ultra- 
filtration were applied in a concentration 
similar to that of the heat-concentrated 
johnin, the p.p.d. preparations, used in a 
dilution of 1: 500, represent a higher con- 
centration. 


In the experiments, examining the effect 
of the five different routes of sensitiza- 
tion, roughly speaking, a similar number of 
tests were carried out with heat-concen- 
trated products, and with products purified 
by ammonium-sulfate precipitation or by 
ultrafiltration. In the subcutaneous group, 
p.p.d. was used in addition to johnins puri- 
fied by precipitation or ultrafiltration, aug- 
menting the number of tests made with this 
group of johnins to 90 per cent of the to- 
tal. This fact should be kept in mind, when 
conclusions are drawn from the results 
analyzed in the charts 1, 2 and 3. 


The readings were made at the twenty- 
fourth, forty-eighth and _ seventy-second 
hours but the 48-hour results have been 
used in the final compilation, as the reac- 
tions appeared to be most pronounced at 
this period. Each reading included the 
registration of the area covered by the 
skin reaction, the thickness of the edema- 
tous swelling, the intensity of redness and 
the area of infiltration and necrosis, if the 
latter occurred during the period of obser- 
vation. 
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The area covered by the skin reaction ap- 
ared to parallel closely the other signs 
reaction and could be determined with 
ir accuracy from the diameter readings 
iken by a caliper. These readings, there- 
re, were chosen as a guide in the deter- 
nation of the degree of reaction, and the 
alculated averages, expressed in square 
millimeters, were plotted on the ordinate of 
the coérdinate system in all the charts 
analysing the results. 

1) In order to answer in a general way 
the question regarding the comparative ef- 
fectiveness of the various routes of inocu- 
lation in the sensitization of guinea pigs, 
the average response was calculated for 
each group separately. 


To this end, all 48-hour readings were 
summarized and averaged according to the 
route used for sensitization, irrespective of 
the period which had elapsed since the 
sensitizing dose was given. A similar pro- 
cedure was followed in the compilation of 
the corresponding nonspecific reactions ob- 
served in normal guinea pigs. In chart 1, 
the figures expressing the average areas in 
square millimeters for each of the 5 groups 
are plotted in serial order on the ordinate 
of the coédrdinate system. The number of 
tests on which the averages are based, as 
well as the average period of sensitization 
which they represent, is indicated on the 
abscissa, 

By subtracting the nonspecific value, ob- 
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tained in normal guinea pigs, from the cor- 
responding specific value, the clear specific 
antigenic response is obtained for each 
group. 

Proceeding in such manner in the inter- 
pretation of the results summarized in 
chart 1, it becomes evident that the intra- 
dermal, intracardial and per os route are 
of little or no value for the sensitization of 
guinea pigs. After the intraperitoneal and 
subcutaneous injections, more pronounced 
reactions of almost identical strength are 
obtained. The fact that approximately 60 
per cent of the tests compiled in the sub- 
cutaneous group refer to guinea pigs sensi- 
tized by the use of parafin oil as a vehicle 
for the bacillary suspensions, and that al- 
most 90 per cent of the tests were carried 
out with purified johnin preparations of 
partly higher concentration and low non- 
specific properties suggests, however, a su- 
periority of the intraperitoneal route above 
the subcutaneous, should identical experi- 
mental conditions prevail. 

It may be noted from the data in chart 1 
that the average period of sensitization 
serving as a basis of comparison varies in 
the five groups. The conclusions drawn 
from chart 1 may be verified if strictly 
corresponding reactions are compared. For 
this purpose, the allergic response obtained 
in weekly intervals after the use of the 
different modes of inoculation has been 
plotted on semilogarithmic grids. Charts 
2 and 3 represent such a detailed analysis 
of the reactions obtained from the second 
to fourteenth week in the intraperitoneal 
and subcutaneous group given in chart 1. 

2) The closer determination of the time 
period during which the peak of reactivity 
in the treated animals is reached appears 
to be of practical value during routine 
potency tests, especially for the proper tim- 
ing of the sensitizing dose and of the sub- 
sequent standardization experiments. 

A sufficient number of tests for the deter- 
mination of the clear-cut trend of the re- 
activity over an extended time period 
were available only in the groups dealing 
with the intraperitoneal and subcutaneous 
method of sensitization. The intradermal, 
intracardial and per os routes, have, in 


general, given only few pronounced reac- 
tions. Charts 2 and 3 give the information 
in regard to the reactivity of guinea pigs 
at various time periods after sensitization 
by the intraperitoneal and subcutaneous 
methods, respectively. The sums of the 
control tests in these charts appear higher 
than in chart 1, due to the fact that, de- 
pending on the set-up of the experiments, 
often the same tests on healthy animals con- 
trolled the specific reactions on sensitized 
guinea pigs obtained in several consecutive 
weekly intervals. 

The trend of the curves in charts 2 and 3 
shows that the reactivity of the sensitized 
guinea pigs is already high at the second 
or third week after injection of the bacil- 
lary culture. 

While the sensitization in the subcutane- 
ous group remains on approximately equa! 
levels to the sixth week, it varies after 
intraperitoneal injection in irregular fash- 
ion to the tenth week. After these periods, 
definitely lower averages are registered. 

Thus, the foregoing survey of experi- 
ments, concerned mainly with the general 
question of effective sensitization of guinea 
pigs to johnin has given favorable results, 
especially if the bacillary suspensions are 
introduced by the intraperitoneal and sub- 
cutaneous route. It was noted, however, 
that the allergy elicited in the various 
groups of guinea pigs occasionally was ir- 
regular in intensity and duration. 

In subsequent trials, it was attempted 
to reinforce and prolong the reactivity of 
the guinea pigs by rendering them more 
susceptible to the action of the injected 
specific organisms. 

Thomson and Hagan and Levine! found 
that living saprophytic acid-fast or dead 
tubercle bacilli, if suspended in paraffin oil 
and introduced subcutaneously or intra- 
muscularly, will produce metastatic lesions 
in the adjacent lymph glands and the lungs 
of guinea pigs which resemble those caused 
by virulent tubercle bacilli. Similar ob- 
servations were made by Rist?! after the 
subcutaneous inoculation of dead tubercle 
bacilli incorporated in paraffin or paraffin 
oil. 

For the easier demonstration of the fil- 
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ble forms of tubercle bacilli, van Deinse® 
roduced the material under investiga- 
n into the abdominal cavity of guinea 
ys previously treated intraperitoneally 

ith Ca-phosfate. In the small droplets of 

is formed on the peritoneum and omentum 
s a reaction to the Ca-phosfate, the filtra- 
»le forms found favorable conditions for 
and multiplication. 

Assuming that such action of the Ca-salt 
on the peritoneum also may promote the 
susceptibility of guinea pigs to other micro- 
jrganisms, Sedlmeier** used the same tech- 
nique with success in the experimental 
transmission of actinomycosis. 

The work of Coulaud*, Saenz 
Freund, Casals and Hosmer® have shown 
that paraffin and paraffin oil, when used as 
vehicles for the suspension of dead tubercle 
bacilli, greatly enhance the allergic power 
of these organisms in guinea pigs and rab- 
bits, producing a durable and greatly in- 
creased sensitization of these animals to 
tuberculin. 

It is evident from these reports that the 
use of various vehicles for the treatment 
of guinea pigs before inoculation, or for 
the suspension of otherwise harmless micro- 
érganisms, changes not only the pathogenic 
action of these organisms but produces also 
a higher allergic response in the treated 
animals. 

The adoption of similar methods for a 
more forceful sensitization of guinea pigs 
to johnin seemed to be the more warranted, 
as good results in this respect already had 
been attained by Hagan and Zeissig,"! in 
vuinea pigs, and by Vallée and Rinjard?®: °° 
n cattle. For our particular purpose, two 

f the above named procedures were 

idopted: a) the use of paraffin oil as 
vehicle for the preparation of the bacil- 
ry suspensions, b) the Ca-phosfate treat- 

ment of van Deinse prior to the intraperi- 

‘oneal inoculation of the Johne’s bacilli 
ispended in Sauton saline. 

Both methods were applied on large num- 
ers of guinea pigs injecting the animals by 
ie intraperitoneal route. In order to ob- 

‘ain an even distribution of the bacilli in 
araffin oil, a dense suspension was first 
prepared in Sauton saline, adding this to 


oF 


the sterile paraffin oil in such proportion 
that a 50 to 75 per cent final oil content 
of the vehicle resulted. 

The Ca-phosfate treatment of van Deinse 
is carried out in the following manner: 5 
per cent solutions of CaCl, (6 H,O) and 
Na,HPO, (12 H,O) are sterilized and mixed 
in a ratio of 1 part CaCl, to 4 parts 
Na,HPO,. After thorough shaking of the 
resulting heavy white precipitate, 2.5 cc. 
are injected intraperitoneally into each 
guinea pig; forty-eight hours later the sens- 
itizing dose of Johne’s bacilli suspended in 
Sauton saline is introduced by the same 
route. 

Concurrently, parallel series of guinea 
pigs were sensitized by the intraperitoneal 
route with suspensions of Johne’s bacilli 
in Sauton saline without previous treatment 
with Ca-phosfate. 

The guinea pigs of the three experimental 
groups, representing three modes of intra- 
peritoneal sensitization, were subdivided 
into three or four batches and johnin tests 
were conducted in rotating, weekly inter- 
vals. In this manner the johnin test on 
the individual animal was repeated only 
every third or fourth week. In order to 
eliminate all variable factors as far as pos- 
sible, the sensitizing dose was kept at 15 
mg., prepared by pooling 6 strains of 
Johne’s bacilli in equal quantities of moist 
weight; furthermore, only johnin p.p.d. 
preparations were applied throughout, in a 
dilution of 1:500 and in a dose of 0.1 cc. 

The subcutaneous route of sensitization 
with Sauton saline and mineral oil as re- 
spective vehicles was employed under iden- 
tical experimental conditions, except that 
the sensitizing dose of Johne’s bacilli was 
raised to 50 mg. moist weight. Sufficient 
tests with p.p.d. johnins on animals sensit- 
ized by the above subcutaneous methods 
were conducted during the preliminary 
trials, compiled in charts 1 and 3, to 
make additional experiments on this line 
superfluous. These tests were now rear- 
ranged for comparison with the correspond- 
ing tests of the groups, sensitized intra- 
peritoneally. 

The results were summarized in five 
semilogarithmic grids (4 to 8) which rep- 
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sent reaction curves obtained under the 
llowing experimental conditions: 


Chart 4.—Intraperitoneal sensitization with 
hne’s bacilli suspended in Sauton saline. 
Chart 5—Intraperitoneal sensitization with 
‘hne’s bacilli suspended in paraffin oil. 


Chart 6—lIntraperitoneal sensitization with 
‘ohne’s bacilli suspended in Sauton saline pre- 
eded by the treatment with Ca-phosfate. 


Chart 7.—Subcutaneous sensitization with 
johne’s bacilli suspended in Sauton saline. 


Chart 8—Subcutaneous sensitization with 
johne’s bacilli suspended in paraffin oil. 

When the antigenic effect of Johne’s 
bacilli suspended in Sauton saline and ap- 
lied intraperitoneally or subcutaneously is 
compared as a whole with that of the paraf- 
fin-oil suspensions, introduced by corre- 
sponding routes, a decided inferiority of 
the former becomes apparent. (Charts 4 
and 7 against charts 5 and 8.) 

When, on the other hand, the reactions 
obtained after subcutaneous sensitization 
as such are measured against those ob- 
tained after the intraperitoneal sensitiza- 
tion, the subcutaneous route proves to be 
of lower efficiency. (Charts 7 and 8 against 
charts 4, 5 and 6.) 

Conclusive deductions from the reaction 
curves, presented by the various experi- 
mental groups, may be made most con- 
veniently if the reaction of 16 mm. diameter 
s chosen as an arbitrary standard. 

After subcutaneous sensitization with 
the Sauton saJine suspension of Johne’s ba- 
cilli (chart 7), this level is not reached 
it any time, while the intraperitoneal in- 
ection of such suspensions raises the re- 
actions to closely above this standard dur- 
ng a period extending from the second 
) the sixth week, with a gradual decline 
hereafter (chart 4). 

The paraffin-oil suspension applied sub- 
itaneously (chart 8) has about the same 
effect as the Sauton saline suspension given 

traperitoneally (chart 4). 

The paraffin-oil suspension introduced 
into the abdominal cavity (chart 5) pro- 
duces a curve sustained well above 200 
mm. for eleven weeks with two peaks 

the fourth, fifth, and the tenth week, re- 
ectively. 

Comparing, finally, the results of the Ca- 


phosfate method of van Deinse (chart 6) 
with those obtained with the highly ef- 
fective, intraperitoneal paraffin-oil tech- 
nique (chart 5), the reactions appear 
closely comparable in the first eight weeks. 
From the ninth to twelfth week, the re- 
activity of the guinea pigs treated with 
Ca-phosfate drops slightly below the level 
obtained in the series sensitized with paraf- 
fin-oil suspensions. 


DISCUSSION 


The reactivity to johnin of guinea pigs 
sensitized in various ways by the inocula- 
tion of living cultures of Johne’s bacilli 
was examined in approximately 1,900 in- 
tradermal tests, including over 600 con- 
trol tests. While several variable factors 
existed in the preliminary general survey, 
an approximation of the reaction trend 
was, nevertheless, obtained. 

In subsequent tests, which were designed 
to verify the primary findings and to ex- 
amine the usefulness of various vehicles 
for a more lasting and pronounced sensit- 
ization, stable experimental conditions were 
maintained as far as possible. The final 
results have shown that the intraperitoneal 
route is the most effective one for the sens- 
itization of guinea pigs, and that the use 
of paraffin oil as a vehicle or the intraperi- 
toneal treatment of the animals with Ca- 
phosfate prior to the injection of the bacil- 
lary suspension in Sauton saline by the 
same route enhances the degree and dura- 
tion of reactivity to a considerable extent. 

The comparison of the reaction curves 
shown in charts 5 and 6 indicates that the 
sensitization elicited by the Ca-phosfate 
method is of similar strength but of some- 
what shorter duration than that produced 
by the use of paraffin oil as a vehicle for the 
bacilli. On the other hand, fewer complica- 
tions in the treated animals have been ob- 
served after treatment of the animals with 
Ca-phosfate and it has, therefore, proved 
more satisfactory in our hands. Only a few 
guinea pigs died during the first three 
weeks after inoculation showing more or 
less pronounced hyperemia of the peri- 
toneum, occasionally signs of liver degen- 
eration, swelling of the spleen, hyperemia 
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and edema of the lungs. The mortality was with unimpaired reactivity during the pe- 


negligible if healthy animals of not less 
than 700 to 800 Gm. weight were chosen. 
In the later periods of sensitization (be- 
tween the seventh and tenth week) gener- 
ally some additional animals gradually lost 
weight due to slowly developing adhesions 
between various abdominal organs and the 
peritoneum, as well as progressive degen- 
eration of the liver terminating in death 
from some intercurrent disease. These 
complications did not interfere with the 
standardization tests, as they left the ani- 
mals in fairly good physical condition and 


riod of highest sensitization. 

The resensitization of surviving experi- 
mental animals with Johne’s bacilli, even if 
applied after an elapse of five to six months 
proved to be impracticable and resulted in 
great losses twenty-four to forty-eight 
hours after the reinoculation. The most 
pronounced and most frequently observed 
lesions were severe, often exudative peri 
tonitis with hemorrhagic infiltration arounc 
the localized lesions, set up by the previou 
treatment. This reaction may well be com- 
pared with that encountered in tuberculous 
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mals during titration of tuberculin by 
shock test. 
[f the Johne’s bacilli were suspended in 
. yehicle containing 75 per cent paraffin 
_ the intraperitoneal injection caused the 
ath of a large portion of the animals 
efore they could be used in titration. Ex- 
dative pleurisy and peritonitis with ad- 
nesions of fibrinous and later fibrous char- 
acter were mainly responsible for the loss. 
The reduction of the oil content of the 
vehicle to 50 per cent lowered the mortality 
rate, but emaciation of many animals as 
early as six to seven weeks after injection 
disturbed the development of a proper 
sensitivity and characteristic reactions to 
johnin have not been often encountered. 
According to the results summarized in 
charts 4 to 8 the use of either Ca-phosfate 
or paraffin oil in conjunction with living 
cultures of Johne’s bacilli, applied intraperi- 
toneally, has raised not only the level and 
duration of sensitivity, but also attained 
these results by the injection of a compara- 
tively small, single dose of Johne’s bacilli, 
simplifying the technique of sensitization. 
In attempts to determine the comparative 
potency of various lots of johnin p.p.d. on 
sensitized guinea pigs, the intradermal test 
has been tried in the manner described by 
Calmette and De Potter,* by Okell and Par- 
ish'® and others, for the titration of tuber- 
culin and adopted for this purpose with 
modifications in technique by the Health 
Committee of the League of Nations in 
May, 1935. The results obtained in the 
standardization of various batches of johnin 
.p.d., prepared in this institute, will be 
‘eported later. In the course of these tests, 
it was found that the strongest concentra- 
n of johnin p.p.d. not eliciting a nonspe- 
c reaction in normal guinea pigs, was 
‘erally in the neighborhood of 1:500 if 
vlied in 0.1 ec. doses. In this strength, 
1.e of our preparations has given rise to 
‘lling in known healthy cattle. 
“rom the great volume of experimental 
»’ dence available on standardization and 
practical application of tuberculin in 
eradication of bevine tuberculosis, the 
dangers connected with the use of a highly 


concentrated product have been recognized.® 
But it also became established that prepara- 
tions of low potency will miss a percentage 
of affected animals. The results of exten- 
sive comparative herd tests conducted in 
England under the supervision of Mont- 
gomerie and Thomson!® with tuberculins 
of different origin and varying concentra- 
tion have clearly illustrated this point. 

It is generally agreed that johnin is not 
as efficient in detecting Johne’s disease as 
tuberculin for the diagnosis of tuberculosis 
in cattle. The need for a potent johnin 
used in the highest concentration, which 
will elicit no nonspecific reactions in healthy 
animals, is evident. 

By the isolation of the p.p.d. from johnin, 
the nonspecific properties of this product 
have been largely eliminated and the po- 
tency of the various lots were found to be 
closely comparable. 

The use of such preparations in dilutions 
of 1 : 500 or even 1 : 400 in tests conducted 
under governmental supervision for the 
elimination of Johne’s disease from in- 
fected herds has yielded promising re- 
sults.1° In the light of these experiences, 
it appears to indicate the application of the 
johnin p.p.d. in such concentrated form to 
cattle, provided the standardization tests 
in guinea pigs have proven that the product 
under examination is equal or closely com- 
parable in its specific and nonspecific prop- 
erties to the chosen standard. 


CONCLUSIONS 


1) The relative effect of various routes 
and vehicles in the sensitization of guinea 
pigs to johnin by the injection of Johne’s 
bacilli have been examined in approximately 
1,900 intradermal tests with johnins pre- 
pared in this institute. 

2) The intraperitoneal application of a 
comparatively small dose of Johne’s bacilli 
in animals treated forty-eight hours previ- 
ously with a suspension of Ca-phosfate in- 
troduced by the same route, has given the 
most favorable results. 

3) Guinea pigs sensitized by this method 
were used with success for potency-deter- 
minations of johnin p.p.d. in intradermal 


' 
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tests carried out along the lines followed 
in the standardization of tuberculin. 
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Effect of Injections of Novoxil on the Bovine Udder Infected 
with Mastitis Streptococci 


G. R. SPENCER, D.V.M., and B. A. BEACH, D.V.M. 


Madison, Wisconsin 


(HE INCREASED use of injections of various 
intiseptics in the udder for the treatment 
f bovine mastitis has prompted this study 
to determine the effect of one of these ma- 
terials on the quality of the milk and on 
the pathological changes in the udder. 
Klein, et al.,1 reported that Novoxil-treated 
quarters returned to the pretreatment con- 
dition in five to thirteen days as determined 
by physical examination. Weirether, et al.,” 
found high leucocyte counts during injec- 
tions with silver oxide and, in some quar- 
for many days afterward. Little, 
et al.,*» + state that the foremilk from quar- 
ters treated with Novoxil contained a large 
amount of débris which in some cases per- 
sisted for nearly a week. They also re- 
ported high pH, chlorides, and cell counts. 


ters, 


TREATMENT OF LACTATING QUARTERS 


The animals selected for treatment dur- 
ing lactation were 2 aged cows with a his- 
tory of recurrent mastitis. By a physical 
examination, fibrosis was found in the right 
hind quarter of cow 146 and in all 4 quar- 
ters of cow 58. Before treatment was be- 
yun, 2 series of quarter milk samples were 
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drawn aseptically and subjected to a Hotis 
test,° titration for chlorides with the 
method of Rosell,® a catalase test using the 
Johns and Hastings’ tube, and dilution plat- 
ing in veal infusion agar containing 7 per 
cent of bovine blood. Streptococci isolated 
from 5 quarters were given a biological ex- 
amination in various culture mediums and 
found to conform to Little’s* characters for 
Streptococcus agalactiae. The right hind 
quarter of cow 146 and the 2 right quar- 
ters of cow 58 were injected 3 times, at in- 
tervals of seventy-two hours, with 10 cc. 
of Novoxil.* This product contains 5 per 
cent of silver ovide suspended in mineral 
oil. The quarters were thoroughly milked 
out before injection, and the material was 
left in the glands until the following milk- 
ing twelve hours later. 

The cows were examined every day for 
evidences of inflammation, and quarter sam- 
ples were drawn every three days, just 
before the next injection, to be subjected 
to the tests indicated above. Later, the 
samples were drawn less often. Sixteen 
days after the last injection, the cows were 
slaughtered at a local abattoir and the ud- 
ders collected for gross pathologic examina- 
tion. Small pieces of tissue from various 
parts of each quarter were fixed in Zenker’s 
solution, sectioned, and stained with hema- 
toxylin and eosin. The stained sections 
were then examined for histopathological 
changes. 
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RESULTS 


As compared with the 2 infected and the 
3 noninfected quarters which were left un- 
treated as controls, the treated lactating 
quarters showed an acute inflamatory re- 
action beginning within twenty-four hours 
after the first injection. The affected quar- 
ters were hot, swollen, and painful, and the 


cowi4e 
RRQUARTER 


cow 58 
RF QUARTER 


COW 58 
10 L_RR QUARTER 


NOVOXIL v 


GRAPH |.—The number of organisms and the amount 

of chlorides in the secretion of 3 lactating quarters 

injected with 10 cc. of Novoxil on the fourth, seventh, 
and tenth days. 


Percentage of soluble chloride 
Logarithm of the plate count of strepto- 
cocci per cc. 


secretion from each quarter showed a 
marked increase in chloride content. (See 
graph 1.) While the physical evidences of 
inflammation (redness, heat, swelling, and 
pain) were reduced by the forty-eighth 
hour and nearly gone by the seventy-sec- 


ond hour, the percentage of chlorides con- 
tinued to increase during the injections, and 
remained high in 2 of the 3 quarters unti! 
the cows were slaughtered. The catalase 
content increased during treatment, but re- 
turned to the pretreatment level by the time 
of slaughter. In all of the quarters, the 
number of streptococci per cc. of milk was 
reduced markedly by treatment, and no or- 
ganisms were found in the right hind quar- 
ter of 146 three days after the last injec- 
tion. However, on later tests, streptococci 
were found in the secretion of all 3 quar- 
ters. A significant difference in the reac- 
tion of the quarters was the apparent re- 
turn to near the normal state of lactation 
by the right hind quarer of 58, which was 
normal before treatment, while the right 
fore of 58 and the right hind of 146, which 
were markedly abnormal before treatment, 
were more abnormal afterward. 

A puzzling phenomenon was the negative 
Hotis reaction observed following treatment 
once in the right hind quarter of 58, and 
5 times in the right hind of 146, even 
though viable streptococci were found by 
plating and subsequent cultural technic. A 
possible explanation might be the oligo- 
dynamic action of minute amounts of ion- 
ized silver as described by McCulloch. A 
more plausible answer is that the small 
number of organisms eliminated were un- 
able to establish themselves in the Hotis 
tube when the abnormal secretion was 
mixed with normal, sterile milk, as de- 
scribed by Pounden.® 

Gross inflammatory changes were ob- 
served in all 3 quarters on postmortem ex- 
amination. Several small chronic abscesses 
were present in the right hind quarter of 
cow 146 and both this quarter and the right 
fore quarter of cow 58 were dark brown 
on cross section in contrast to the whitish- 
pink color observed in the control quarters. 
An interesting gross feature was a dis- 
tinct greyish discoloration apparently pro- 
duced by a retention of particles of sil- 
ver oxide. This greyish discoloration 


8McCulloch, E. C.: Disinfection and Sterilization 
Lee and Febiger, Philadelphia (1936), pp. 235-236 

*Pounden, W. D.: Deferred Milking—A Method 
of Handling Mastitis. Cornell Vet., 31 (Oct., 1941), 
pp. 339-344, 
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is most abundant in the ventral part of 

» quarters, but some was present in the 

rsal one-third of the secreting tissue. 

[The histopathological lesion common to 
all 8 treated quarters was the presence of 
recent, acute inflammatory process super- 
nposed upon chronic changes of mastitis. 
‘oreign-body giant cells containing a dark 
llowish-brown material were observed ad- 


Fig. 1.—Right hind quarter of cow 146, showing chronic 

fibrosis with a recent acute inflammatory process super- 

iposed. At the end of the pointer is an alveolus 
containing polymorphonuclear leucocytes. x!00. 


icent to the alveoli and collecting ducts. 
These giant cells were not observed in sec- 
ms from the untreated quarters, so they 
may be a reaction to the presence of micro- 
scopic flakes of retained silver oxide. 
The treated right hind quarter of cow 146 
was found to have the gross and histopath- 
gical lesions of chronic purulent mastitis 
most sections examined. However, in 
her areas a relative increase in the 
«mount of connective tissue and an infiltra- 


tion into the tissue of lymphocytes char- 
acteristic of interstitial mastitis was ob- 
served. An exudate of polymorphonuclear 
leucocytes and lymphocytes appeared in 
most of the patent ducts and alveoli. The 
epithelium lining the larger collecting ducts 
showed proliferation and in places folds 
and papillae were observed. 

Sections from the treated right fore 


Fig. 2.—Right fore quarter of cow 58. Both acute and 

chronic changes are present, but the acute changes 

are more prominent in this section. The alveolar 

exudate at the end of the pointer is mainly polymor- 
phonuclear leucocytes. x!00. 


quarter of cow 58 were found to have acute, 
severe inflammatory changes, such as ex- 
udation of polymorphonuclear leucocytes 
into the alveolar lumen and congestion. In 
addition to the acute changes, the alveoli 
in some areas were partially collapsed or 
atrophied, giving the appearance of a rela- 
tive increase of connective tissue. The 
sections of the treated right hind quar- 
ter of cow 58 showed some exudation of 
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polymorphonuclear leucocytes into the al- 
veolar lumen, but in much less degree than 
the right fore quarter. In contrast to the 
acute inflammatory changes observed in 
the 3 treated quarters, the untreated left 
hind quarter of cow 58 (which was elim- 
inating from 30,000 to 50,000 Str. agalac- 
tiae per cc. and gave abnormal amounts of 


Fig. 3.—Right hind quarter of cow 58. The most prom- 
inent change here is chronic interstitial mastitis with 
infiltration of lymphocytes and monocytes. x!00. 


chlorides on about one-half of the tests) 
showed only the chronic changes of in- 
creased connective tissue in the interal- 
veolar and interlobular spaces and a slight 
infiltration of lymphocytes between the 
alveoli. In both the treated and untreated 
quarters, the ventral portion of each quar- 
ter was found to be more abnormal than 
the dorsal portion. This agrees with the 
findings of Morrill.'° 

“Morrill, C. C.: A Histopathological Study of 


the Bovine Udder. Cornell Vet., 28 (1938), pp. 
196-210. 


TREATMENT OF DRY QUARTERS 


Twenty-one quarters of 6 cows with a 
history of recurrent mastitis were injected 
with 10 cc. of Novoxil when in the dr 
period. Streptococci had been isolated from 
the quarters at the end of the previous 
lactation period, and cultural tests indi- 
cated they were mastitis streptococci. Al! 
the quarters were in a quiescent state ex- 
cept the left fore quarter of M2, which 
had a severe acute catarrhal galactophoritis 
at the time of injection. The material was 
left in the quarters till the colostrum was 
removed after calving. 

A slight to moderate swelling following 
injection was observed in all quarters, and 
the quarter with acute inflammation of the 
lactiferous sinus was not clinically bene- 
fited by Novoxil. Table 1 summarizes the 
results of this method of treatment. It 
should be noted that while only 11 of the 
21 quarters were found free of the organ- 
ism after freshening, the milk appeared 
normal and had a normal reaction in all but 
4 quarters. Thus, if clinical manifestations 
or pH tests were used to ascertain the ef- 
fect of treatment, the apparent results 
would be much better than if bacteriological 
culture methods were used. Chlorides and 
catalase content were within the normal 
limits in 6 uninfected and 2 infected quar- 
ters of 10 tested by those methods. 

The 4 cows identified by S in table 1 were 
from a herd in which 9 infected cows were 
left untreated. Two of these made an ap- 
parent spontaneous recovery during a 256- 
day interval in which cultural tests were 
made. During the same interval, 3 of the 
4 treated cows were found negative for 
streptococci in the lactation following treat- 
ment. Tests made on herd M, in which 2 
cows were treated, were not sufficient to 
allow a comparison of results with the 
untreated group. 


DISCUSSION 


These few injection trials seem to indi 
cate to the authors that at least part of th: 
bactericidal action of Novoxil on lactatin 
udders may be due to inflammation pro- 
duced in the secreting and duct tissue: 
However, the establishment of this as fac 
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TABLE 1.—A summary of the quarters treated while dry, the number of days from the time of 
treatment to the time of freshening, and the results of the injections. 


Tests oN Arter CALVING 
| Days REACTION TO | 
| QuaRTERS | BEFoRE INJECTION PHYSICAL | | Caratase | CuLtTura. 
| InyJecTED | FResH | | APPEAR- pH C1 % | GO | FOR 
} ANCE S. agalactiae* 


Slight swelling | Normal | Normal | 0.103-0.107 | Negative 


| 

Slight swelling | Normal | Normal 0.114-0. 149 | x | Negative 


Slight swelling | Abnormal | Abnormal | 0.099-0.206 | 50-210 | Positive 
| Slight swelling | Normal | Normal | 0.096-0.156 | 30-120 | Positive 
| Slight swelling | Abnormal Abnormal | 0.103-0.241 | 26-200 | Positive 
| Slight swelling | Normal | Normal | 0.103-0.149 | 75-80 | Positive 
| Slight swelling | Normal | Normal 2 5 Negative 
| Slight swelling Normal Normal | Negative 
| Slight swelling Normal Normal 3e Negative 

Slight swelling | Normal Normal 2 Negative 

Slight swelling Normal Normal Not taken Not taken) Negative 
| Slight swelling Normal Normal Not taken Not taken! Negative 
| Slight swelling Normal Normal N | Not taken} Negative 

Moderate swelling) Normal Normal Not taken Not taken! Positive 
| Moderate swelling) Normal Normal Not taken | Not taken! Positive 
| Moderate swelling); Abnormal | Abnormal | Not taken | Not taken) Positive 
| Moderate swelling No secrjetion — - 
| Moderate swelling) Normal Normal | Not taken Not taken) Positive 
| Moderate swelling}! Normal Normal Not taken Not taken) Positive 

Moderate swelling}; Normal Normal Not taken Not taken| Negative 

Moderate swelling) Normal Normal Not taken Not taken| Negative 


| Cr Or 


Where 2 values of chlorides and catalase are given, the former refers to the first test after calving 
and the second to a later test. The first 4 cows were in herd S and the last 2 in herd M. 

RR=right hind; RF = right fore; LR = left hind; LF left fore. 

*Tests used were the Hotis test and a microscopic examination of stained smears from the Hotis tube, 
supplemented in a few samples with streaking on the blood agar plate. 

**The cow SW was tested for chlorides and catalase seven days after parturition while her udder 
still showed edema, and the values reflect what probably was a physiological departure from the normal. 


would not necessarily contraindicate the The advantages of treatment during the 
use of Novoxil suspension, providing the lactation period over the dry period are: 
infection was eliminated in a fair propor- 1) All the tafected cows in o herd can 
tion of cases. Treatment of dry quarters be treated at once. 

does not seem to result in clinical inflamma- Injections can follow reliable diag- 
tion, but a definite bactericidal action was nostic tests by only a few days. 


evident. 3) Quarters may be saved that would 


ri f the two diff t be lost if allowed to continue with 
[In a comparison 0 e two aiiteren recurrent inflammation for several 


times of treatment, injection during lacta- months of a lactation. 
tion has the following disadvantages: 


SUMMARY 
1) Greater expense because more No- 


voxil is used. Novoxil treatment of 3 quarters of 2 cows 
Inconvenience of several trips if infected with Streptococcus agalactiae pro- 
only one cow is treated. duced an acute clinical inflammation with 
Greater liability of introducing a secretions containing abnormally large 
new infection on the cannula. amounts of catalase and chlorides. The 
Loss of the whole production of the number of streptococci eliminated was re- 
cow for about two weeks and some duced markedly, but a few were found in 
loss thereafter. the secretion of all 3 quarters sixteen days 

A lower percentage of cures, as re- later, just before the cows were slaughtered. 
ported by Schalm.™ Postmortem gross and histopathologic ex- 
aminations disclosed acute inflammatory 

Schalm, O. W.: The Treatment of Chronic Bo- 

vine Mastitis, J.A.V.M.A., 100 (1942), pp. 323-334, Changes which were more severe in the 


49 
Cow 
353 RF 53 
RR 53 
367 RF 63 
| RR 63 
LR 63 
LF 63 
RF 56 
RR 56 
LR 56 
LF 56 
Sl RF 81 
LR 81 
LF 8! 
M2 RF 3 } 
RR 3 
LR 3 
LF 3 
MF2 RF 5 
RR 5 
LR 5 
LF 5 


Sulfaguanidine as a Prophylactic During the Period of 
Acquirement of Resistance by Chickens to Cecal Coccidiosis 


REX W. ALLEN, B.S., and MARION M. FARR, M.A. 
Beltsville, Maryland 


JOHNSON,! Tyzzer,2 and Tyzzer, Theiler, 
and Jones* demonstrated experimentally 
that chickens developed a high degree of 
resistance to cecal coccidiosis as a result 
of the administration to them of numbers 
of sporulated oécysts of Eimeria tenella. 
Following this discovery, these investiga- 
tors suggested the possibility of immuniz- 
ing chickens early in life as a means of re- 
ducing the mortality from this disease on 
the range. No doubt, this suggestion sup- 
plied the stimulus for considerable investi- 
gational work, notably that of Jankiewicz 
and Scofield‘ on the administration of 
heated odcysts of E. tenella, and of Waxler® 
and Waxler and Herrick® on the inoculation 
of oécysts attenuated by x-rays. It is at 
once obvious that were either of the above 
methods adopted for the establishment in 
chickens of a resistance to coccidiosis, the 
cost of the labor involved in treating birds 
individually would be prohibitive. 
Investigations have shown that in order 


The experiments described in this paper were 
conducted at the United States Department of 
Agriculture, Beltsville Research Center. 

From the Zoélogical Division, United States Bu- 
reau of Animal Industry, Beltsville Research 
Center. 

(Continued from preceding page) 

2 quarters clinically abnormal before treat- 
ment than in the quarter which was giving 
normal milk prior to the injections. In- 
jection of 21 dry quarters of 6 infected 
cows resulted in the elimination of the in- 
fection in 11 quarters, with very little or 
no inflammation produced. 
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to become resistant to cecal coccidiosis, 
chickens must develop at least a mild form 
of the disease. Since coccidial infections, 
as they occur naturally, are not limited to 
the mild form, the mortality is usually 
high. It follows, therefore, that some 
means of protection against fatal doses of 
coccidia must be afforded during the period 
of immunization. 

Recent work by Levine’ and by Farr and 
Allen® demonstrated that sulfaguanidine 
was effective in preventing cecal coccidiosis 
and indicated that the degree of protection 
bore a direct relation to the amount of drug 
administered. Farr and Allen reported that 
birds which had been protected to the ex- 
tent of showing no clinical symptoms, by 
the administration of either a 1 or a 2 per 
cent concentration of sulfaguanidine, were 
highly susceptible to reinfection one month 
after cessation of treatment. This degree 
of susceptibility was attributed to the prac- 
tically complete protection from infection 
which the high concentrations afforded. 
The possibility that a lower concentra- 
tion of sulfaguanidine might hold the dis- 
ease in check and, at the same time, per- 
mit infections to develop, seemed worthy of 
investigation. 

The experiments described in this paper 
were undertaken to determine, therefore, 
the value of a 0.5 per cent concentration of 
sulfaguanidine as an aid in the establish- 
ment of resistance to coccidiosis in young 
chickens which were confined in pens in 
which oécyst-contaminated litter was pres- 
ent. 


EXPERIMENTAL METHODS 


The diet of the birds, method of obtaining 
and counting odcysts, and the method of in- 
oculation have been described in a previous 
paper.’ The birds used in these experiments 
were obtained as l-day-old chicks from tle 
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Anir.al Husbandry Division of the Bureau of 
Anival Industry. They were placed in an iso- 
lat room in clean all-metal brooders. Dur- 
ing ‘he period preceding each experiment, re- 
peaied fecal examinations made by the sugar 
flotation method failed to reveal the presence 
of oocysts. 

e medicated mash was prepared by adding 

er cent by weight of sulfaguanidine to the 

lar mash and mixing thoroughly. 

ie contaminated litter was prepared by 

ering clean dry litter evenly over the floors 

‘two rooms of equal size and allowing an 
equal number of birds previously inoculated 
with the same number of odcysts of EZ. tenella 
to remain on the litter for at least two days 
after oécysts began to appear in the feces. Both 
groups were removed the day before the ex- 
perimental birds were placed in the contami- 
nated pens. 

In each of 2 experiments, 11l-day-old Rhode 
Island Red chickens were divided into 3 
groups of equal size and approximately equal 
weight. The members of group 1 were given 
medicated mash for three days before and 
fourteen days after being placed on the odcyst- 
contaminated litter. The members of group 
2 were handled in a manner identical with that 
of group 1, except that no drug was added to 
their mash. The members of group 3 were not 
exposed to infection until the thirty-eighth 
day of the test. During these experiments, all 
birds were weighed on the first and fourth days 
and every seventh day thereafter. The weight 
data were analyzed* by the analysis of vari- 
ance method as described by Snedecor.’ 

Twenty-one days after the removal of the 
medicated mash ffom the members of group 1 
(thirty-eighth day of experiment), the birds of 
all 3 groups were inoculated with odcysts to 
determine whether they were resistant to cecal 
coccidiosis. The surviving birds of each experi- 
ment were necropsied on the forty-fifth and 
forty-sixth days, and a comparative study was 
made of the macroscopic lesions in the various 
groups. All birds were examined for gross 
lesions of intestinal coccidiosis and, in addi- 
tion, serapings from the small intestine of 
representative birds from each group were ex- 
amined by sugar flotation for the presence of 
odcysts of other species of coccidia. 


EXPERIMENTAL DATA 


Experiment 1.—In this experiment, each 
of the 3 groups consisted of 49 birds until 
the end of the third week, when 1 of the 


*he writers wish to acknowledge the assistance 
of Mir. A. G. Dinaburg of the Zodélogical Division in 
ana yzing the data. 


Snedecor, G. W.: 


Statistical Methjds Applied to 
Experiments in Agriculture and Biology. Iowa 
Sta'e College Press, Ames, Iowa (1940). 


birds of group 3 became crippled and was 
eliminated. At the time they were placed 
on the litter, birds of groups 1 and 2 were 
given an initial inoculation of 7,700 oécysts 
as a means of increasing the severity of 
the disease. A litter of wood shavings 
was used and, in order to minimize the loss 
of the vitality of the odcysts due to desicca- 
tion, water was added occasionally from a 
sprinkler. The birds of group 3 were con- 
fined in wire cages in a separate room. A 
single dose of 119,000 oécysts was admin- 
istered to each bird of the 3 groups to test 
its resistance to infection. 

Following exposure to infection, 28 of 
the 49 birds fed the regular mash (group 
2) died. The deaths occurred on the fifth, 
sixth, and seventh days after the initial 
exposure. In the treated group (group 1), 
5 of the 49 birds died, the deaths occurring 
on the fifth and sixth days after the initial 
exposure. Following the inoculation made 
on the thirty-eighth day of the experiment, 
12 of the 48 birds, which had been kept free 
of coccidia (group 3) until the time of 
this inoculation, died. All survivors of this 
group were found to have extensive lesions 
characteristic of cecal coccidiosis when 
necropsied on the eighth day after inocula- 
tion. In contrast to the condition found in 
group 3, the birds of groups 1 and 2 had 
only minor lesions at the time of necropsy. 
The cecums of 82 per cent of the birds in 
group 1 and 57.1 per cent of those in group 
2 appeared to be normal. 

As shown in table 1, weight data were 
recorded only for groups 1 and 2. Those 
of group 3 were not considered because the 
conditions under which the birds had been 
confined were not comparable to those of 
groups 1 and 2. By the end of the thirty- 
eighth day of the experiment, the birds of 
group 1 had gained an average of 24.7 Gm. 
less than those of group 2, a difference not 
shown to be statistically significant. Dur- 
ing the week following the final inoculation 
on the thirty-eighth day, the members of 
group 1 had gained an average of 16.8 Gm. 
less than those of group 2. However, group 
1 gained an average of 13.2 Gm. less than 
group 2 during the week preceding inocu- 
lation. The differences in weight gains 
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TABLE |.—Results of Feeding Sulfaguanidine to Chickens Confined on Eimeria Tenella Contaminated Litter 


No, OF BIRDS 


Start Enp Morratiry MEAN GAINS IN GM. 
EXPERI- AMOUNT OF OF AFTER 
MENT GROUP OF DRUG EXPERI- EXPERI- FIRST 


REINOCULATION 
OF SURVIVORS (AFTER 38 DAYS) 


First Next ENTIRE 


No. No. ADDED TO MASH MENT’ MENT EXPOSURE 38 DAYS 7 DAYS PERIOD MorTALITy LESIONS 


1 0.5 %, 3 days % 


before and 14 


1 2 ~ days after 10.2 504.8 146.4 651.2 None Slight 
exposure 49 44 
None 49 21 57.1 529.5 163.2 692.7 None Slight 


3 None 48 36 Notexposed .... 25.0 Extensive 


1 0.5 %, 3 days 
before and 14 


days after None 503.4 137.1 640.5 None Slight 
2 2 exposure 40 40 
None 40 31 22.5 509.1 133.5 642.6 None Slight 


3 None 40 35 Notexposed 525.9 -24.6 501.3 12.5 Extensive 


iEleven days old. 


during the week before and the week after 
inoculation were found to be significant. 
It is believed, therefore, that the difference 
in weight gain between the 2 groups dur- 
ing the final week was probably a continua- 
tion of a growth differential which existed 
before the inoculation and was probably not 
the result of a retarding effect on growth 
due to the direct effect of coccidial lesions. 
This view is supported in part by the evi- 
dence cited above, namely, that the members 
of group 1 had less extensive coccidial le- 
sions at necropsy than those of group 2. 
It is possible that the growth differences 
between the 2 groups, both before and after 
the final inoculation, were due to the fact 
that the 44 surviving birds of group 1 and 
the 21 survivors of group 2 were confined 
to pens of equal area. Thus, the latter 
group had the advantage in that more space 
was available to each bird. 

Experiment 2.—Each of the 3 groups in 
this experiment consisted of 40 birds. 
Those of groups 1 and 2 were not inoculated 
at the time they were placed on contami- 
nated straw litter. No water was added to 
the litter at any time during this experi- 
ment. The birds of group 3 were confined 
on clean straw litter in a room comparable 
in size to those in which groups 1 and 2 
were kept. Each bird of the 3 groups re- 
ceived a single dose of 133,000 odcysts in 
order to test its resistance to infection. 


In this experiment, 9 of the 40 birds 
fed the regular mash (group 2) died of 
cecal coccidiosis after they had been placed 
on the contaminated litter. The deaths oc- 
curred on the sixth, seventh, eighth, and 
tenth days after exposure. There was no 
mortality in the treated group (group 1) 
during the entire period of the experiment. 
After the test inoculation on the thirty- 
eighth day, 5 deaths occurred in the group 
which had been kept free from EL. tenella 
infection (group 3); all the survivors in 
this group were severely affected and at 
necropsy were found to have extensive le- 
sions of cecal coccidiosis. As in experiment 
1, the members of groups 1 and 2 were 
only slightly affected. No deaths occurred 
among these birds, and at necropsy it was 
found that the cecums of 72.5 per cent of 
the birds in group 1 and 51.6 per cent of 
those in group 2 were normal in appearance. 

By the end of the thirty-eighth day of the 
test, the birds of group 1 had gained an 
average of 5.7 Gm. less than those of 
group 2. During the week following the 
test inoculation, the birds of group 1 
gained an average of 3.6 Gm. more than 
those of group 2. During the final week, 
birds of group 3 lost an average of 24.6 
Gm. In this experiment, where the num- 
bers of surviving birds in groups 1 and 2 
were more comparable than in experiment 1, 
the differences in mean gains during the 
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fi: st thirty-eight days and during the final 
week were. small and not significant. This 
t is of interest in the light of previous 
-ork,8 which indicated that a retardation 
growth rates is caused by the adminis- 
ition of sulfaguanidine at the 1 and 2 
r cent levels. It is interesting to note 
that at the end of the thirty-eighth day, the 
nean gains of the birds in group 3 did 
ot differ significantly from those of the 
irviving birds of groups 1 and 2, pre- 
sumably because the members of the latter 
2 groups had sufficient time to regain 
veight lost during the course of the disease. 
Shortly before the final inoculation, rou- 
tine examination of the droppings of birds 
in group 3 revealed the presence of a few 
odcysts which were identified as belonging 
to species other than E. tenella. However, 
since gross lesions caused by species other 
than E. tenella were not found in birds of 
either of these experiments, it is consid- 
ered unlikely that the results were signifi- 
cantly affected. 


DISCUSSION AND CONCLUSIONS 


The greater severity of infections in the 
treated and untreated groups (groups 1 and 
2) of experiment 1 may be attributable to 
the additional oécysts administered to the 
birds at the time they were placed on the 
infective litter. In neither of experiments 
|! and 2 did deaths occur after ten days 
from the time of the initial exposure to 
odcysts, thus indicating that a resistance 
was acquired promptly in both groups. No 
deaths occurred in group 1 of experiment 1 
after the sixth day, indicating that the 
acquisition of resistance in this group was 

ist as prompt as in group 2 where the last 
death occurred on the seventh day. Further- 
more, no deaths occurred in group 1 after 
the birds were taken off the medicated 
mash, 

The fact that more birds in group lof 
each experiment were free from gross coc- 
cidial lesions at the time of the final 
vecropsy than were those of group 2 can- 


Suppl. 17. 


not be explained on the basis of the evi- 
dence at hand. 

The results of these experiments indicate 
that the use of a 0.5 per cent concentration 
of sulfaguanidine holds promise as an aid 
in establishing resistance to cecal cocci- 
diosis. 

SUMMARY 


1. Sulfaguanidine, administered in mash 
at a concentration of 0.5 per cent for three 
days before and fourteen days after young 
chickens were exposed to infection by 
means of inoculation and exposure to con- 
taminated litter or by exposure to con- 
taminated litter alone, reduced markedly 
the mortality from cecal coccidiosis. 

2. Chickens so treated with sulfaguani- 
dine and held on infective litter for twenty- 
one days after the cessation of treatment 
were fully as resistant to subsequent in- 
fection as the surviving untreated controls. 

3. The weight gains of chickens so 
treated and held on infective litter for 
twenty-one days after the cessation of treat- 
ment were not significantly different from 
those of surviving untreated controls. 
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Identification of Eggs of Nematodes Parasitic in Domestic Sheep 


K. C. KATES, Ph.D., and D. A. SHORB, Sc.D. 
Beltsville, Maryland 


IT IS WELL known that parasitism due to 
nematodes or roundworms is one of the pri- 
mary causes of losses in sheep in the 
United States and other sheep-raising 
countries. One of the important and use- 
ful techniques in the diagnosis of worm 
parasitism in sheep, from the qualitative 
as well as quantitative standpoints, is the 
examination of fecal material for eggs. It 
is evident that if accurate diagnosis of 
nematode infections can be made by fecal 
examination and clinical manifestations, 
the need for sacrificing animals from a 
flock to determine whether unthriftiness 
and death losses are due to parasites can 
be partially or wholly eliminated. 

A method of diagnosing nematode para- 
sitism in sheep by fecal cultures and the 
examination of the infective larvae was 
described by Dikmans and Andrews! and 
Andrews.” This method is useful in veri- 
fying egg determinations, but employed 
alone is too time-consuming and not well 
adapted to quick diagnosis of mixed infec- 
tions. A detailed study was made by 
Shorb,*: + on the eggs of various genera and 
species of nematodes of domestic rumi- 
nants, who found that reasonably accurate 
differential diagnoses and egg counts could 
be made. This was particularly true of 
nematodes found in sheep. For some time, 
it has appeared that the process of acquir- 
ing skill in the identification of eggs of 


From the Zodélogical Division, Bureau of Animal 
Industry, United States Department of Agriculture. 

1Dikmans, G., and Andrews J. S.: A Compara- 
tive Morphological Study of the Infective Larvae of 
the Common Nematodes Parasitic in the Alimen- 
tary Tract of Sheep. Amer. Micros. Soc. Trans., 
lii (1933), pp. 1-25. 

“Andrews, J. S.: A Note on the Morphology of the 
Anterior Ends of the Infective Larvae of Some 
Nematodes Parasitic in the Alimentary Tract of 
Sheep. Helminthol. Soc. Wash. Proc., ii (1935), 
pp. 88-90. 

8Shorb, D. A.: Differentiation of Eggs of Vari- 
ous Genera of Nematodes Parasitic in Domestic 
Ruminants in the United States. U. S. Dept, Agric., 
Tech. Bul. 694 (1939), 11 pp. 

4Ibid.: A Comparative study of the Eggs of Vari- 
ous Species of Nematodes Parasitic in Domestic 
Ruminants. J. Parasitol., xxvi (1940), pp. 223-231. 


various species of nematodes could be fa- 
cilitated, and the time factor reduced, if 
photographs accompanied by brief descrip- 
tions of eggs of individual species were 
available. 

Photomicrographs of the eggs of 14 spe- 
cies of sheep nematodes in stages typical 
of their appearance in fresh fecal material 
have been obtained, and these are presented 
together with descriptions and data of 
variations from the typical forms that have 
been observed by the writers over a period 
of several years. It is believed that with 
the assistance of descriptions, measure- 
ments, phgtomicrographs, and some prac- 
tice, the various eggs of nematodes of 
sheep can be identified with reasonable ac- 
curacy in fecal preparations. 

The species of nematodes discussed in 
this paper, together with their location in 
the alimentary tract, are as follows: 

Location 

in Host 
Fourth stomach 


“ 


Species of Nematoda 
Haemonchus contortus 
Trichostrongylus axei 
Ostertagia circumcincta 
Ostertagia marshalli 
Trichostrongylus colubriformis Small intestine 
Trichostrongylus vitrinus 
Bunostomum trigonocephalum 
Nematodirus spathiger 
Nematodirus filicollis 

Cooperia curticei 

Strongyloides papillosus 
Capillaria brevipes 

Chabertia ovina 
Oesophagostomum columbianum 
Trichuris ovis 


Large intestine 


MATERIALS AND METHODS 


With the exception of one species (Ostertagi« 
marshalli), the eggs of nematodes to be photo- 
graphed were obtained by dissection of living 
females. As females of Nematodirus filicollis 
and Nematodirus spathiger cannot be readil) 
ated except on the basis of egg size, as noted by 
Shorb‘ and by Tetley,® this character, in addi 


‘Tetley, J. H.: The Differentiation of the Eggs o 
the Trichostrongylid Species Nematodirus filicolli 
and N. spathiger. J. Parasitol., xxvii (1941), pp 
473-480. 
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to identification of males, was relied upon 
. criterion of separation. Several sheep ex- 
ned post mortem contained only N. 

‘higer males, and one examined was found 
to have only N. filicollis males. In these cases, 

s likely that only females of the same spe- 
cies were present. The females of Ostertagia 

umeincta and Ostertagia trifurcata cannot 
be differentiated by an means known at present. 
infested sheep were found with only 0. 
furcata males. The eggs of O. circumcincta 
hhotographed were dissected from females 
ken from sheep harboring only males of 
that species. No difficulties in the identifica- 
tion of other species were encountered. All 
identifications follow Ransom® except where 
generally approved taxonomic changes have 
been made by later workers. 

Female worms were removed from the ali- 
mentary tract of freshly killed lambs or sheep. 
These were placed in physiologic saline and 
identified. Once the female worms were iden- 
tified, one or more, as necessary, were trans- 
ferred to a small quantity of physiologic saline 
on a glass microscopic slide and the solution 
ringed with vaseline. Here the eggs were care- 
fully removed from the uteri with the aid of a 
dissecting microscope. The débris from the 
dissected worms was removed from the slide 
and eggs appearing most similar to those nor- 
mally found in fresh feces were centered on the 
slide and sealed with a coverslip. To prevent 
further development, until photographed, this 
preparation was kept in a refrigerator at 33 
F. The thin-shelled eggs may be preserved in 
good condition by this procedure for two weeks 
or more, and the thick-shelled eggs may be kept 
for photographing for several months. There 
are several advantages to this method; namely, 
(a) slides can be prepared over a period of 
several days and photographed on a later date; 
(b) a débris-free slide can be prepared to give 
a clear picture; (c) the eggs can be selected 
to show their typical appearance; and (d) 
there can be no question as to the origin of the 
ezes of a particular species. 

\s no living specimens of O. marshalli could 

obtained, the photomicrograph of the egg of 

5 species was made from preserved material 

pared in the manner desciibed above. It 

so far been impossible to obtain photo- 

phs of the eggs of the common tricho- 

ngyle, Trichostrongylus vitrinus. The eggs 

of this species, however, are similar to those of 

chostrongylus colubriformis, and a descrip- 
tion is included in the text. 

photomicrographic camera attachment 

h an 8X ocular was used with a microscope 


Ransom, B. H.: The Nematodes Parasitic in the 
nentary Tract of Cattle, Sheep, and Other Rumi- 
ts. U. S. Dept, Agric., Bureau Animal Indus. 
127, (1911). 


provided with achromatic objectives. A small 
microscope lamp with a 100 watt Mazda pro- 
jection bulb and a white ground-glass filter 
was used as a source of light. Medium commer- 
cial orthochromatic dry plates, 3144”x4%4"”, were 
found to be very satisfactory. 

In addition to photomicrographs of eggs of 
14 nematode species, several photomicrographs 
of direct centrifugal flotation preparations of 
fecal material from heavily infested sheep are 
presented. Photographs of 9 of the 14 species 
as they appear in normal sugar flotations of 
fecal samples were made (fig. A, B, C, D, E). 

When seen with the aid of a microscope and 
transmitted light, the eggs, or more properly 
the developing embryos within the eggs, of 
sheep nematodes in feces generally have a 
yellowish-brown color. The shade or depth of 
the coloration varies considerably with differ- 
ent species. Every effort was made in prepar- 
ing the prints to represent correctly this 
difference in the depth of color. Of course, the 
brown coloration of the eggs appears black or 
gray, as the case may be, in the photomicro- 
graphs. It should be noted here that the photo- 
graphs of the eggs of the 14 individual species 
were made with the optical combination of an 
8X ocular and a 4 mm. objective. The result- 
ant relatively high magnification tends to give 
an optical section of the eggs, while this con- 
dition is not so pronounced at lower magnifica- 
tions. An operator using lower magnifications 
must, therefore, make some adjustment. Most 
of the eggs can be identified at a lower magni- 
fication than that represented in these photo- 
graphs, but when any question as to the 
identity of a particular egg arises, a shift to a 
higher magnification can be made. 


DESCRIPTION OF THE EGGS 


Results of a detailed study of the eggs 
of various nematodes of domestic rumi- 
nants have already _ been _ published 
(Shorb*: 4). Consequently, the present pa- 
per will be confined to brief descriptions 
of the characteristics which serve to dif- 
ferentiate the eggs of nematodes most com- 
monly encountered in sheep. 


N. spathiger and N. filicollis—Eggs of 
these two species are easily identified on 
the basis of differences in size and shape 


of shell (fig. 1, 2, E). The eggs of N. 
spathiger are larger (181 to 230, long 
by 91 to 107, wide) than those of N. fili- 
collis (149 to 194, long by 74 to 107, 
wide). The eggs of N, filicollis have a 
uniformly smooth outline, while those of 
N. spathiger normally have tapering, more 


or 


or) 
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Fig. | to 14 on plates | and II are photomicrographs of eggs of some 1/4 species of nematodes com- 
monly found in sheep. All were photographed at the same magnification and were arranged on the 
plates in a series from the largest eggs to the smallest. Fig. |.—Nematodirus spathiger; fig. 2.— 
Nematodirus filicollis; fig. 3.—Ostertagia marshalli; fig. 4.—Chabertia ovina; fig. 5.—Bunostomum 
trigonocephalum; fig. 6—Ostertagia circumcincta; fig. 7.—Oesophagostomum columbianum; fig. 8.— 
Trichostrongylus colubriformis; fig. 9.—Trichostrongylus axei; fig. 10.—Haemonchus contortus. Fig. 3 
is photomicrosraph of preserved material, others are photomicrographs of living eggs. Magnification 
of fig. | to 10 x244, 


| iy \ 
| 
A 
| 
| 
| 


sRY 1943 PARASITISM IN SHEEP 


Fig. 11.—<Cooperia curticei; fig. 12.—Trichuris ovis; fig. 13.—Strongyloides papillosus; fig. 14.— 

Capillaria brevipes. Magnification of fig. |! to 14, x244. Fig. A to E are photomicrographs made at 

a lower magnification (x135) of direct centrifugal flotation preparations (using sugar solution, s.q. 1.4) 

of feces from sheep suffering from heavy mixed parasite infestations. In the case of fig. A, B, C, and 

E, fresh feces were used, while in the case of fig. D, feces kept 12 hours at room temperature were 

employed. Small numbers in fig. A to E correspond to the appropriate species in fig. | to 14. M in 
fig. A is an egg Moniezia expansa, sheep tapeworm. 
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or less thickened, ends. In fresh fecal ma- 
terial, the eggs of both species contain 1 
to 8 dark-colored cells. A small percentage 
of the eggs of the two species may overlap 
in size; this cverlapping was reported by 
Tetley® to be about 8.8 per cent. In rare 
cases, malformed eggs may be found, and 
Tetley® considers this an indication of an 
adverse host-parasite relationship. 

O. marshalli and O. cireumcincta.—O. 
marshalli produces very large eggs (fig. 3) 
(178 to 217, long by 75 to 100, wide), 
which have shells greatly thickened at the 
sides, but otherwise resembling those of 
Nematodirus. The eggs of O. circuwmcincta 
(fig. 6) are smaller (85 to 103, long by 
44 to 56. wide) and have relatively thin 
shells. In the case of the former species, 
the morula is quite dark in color, while 
the morula of the latter eggs are further 
advanced in development and light in color; 
the light color of the eggs of O. circum- 
cincta is important in differentiating them 
from those of other species having eggs of 
approximately the same size, such as 
Bunostomum trigonocephalum and Cha- 
bertia ovina. 

C. ovina.—The eggs of C. ovina (fig. 
4, A, B, C) are relative large (80 to 
100 long by 47 to 59, wide) and most 
easily confused with those of B. trigono- 
cephalum. However, with practice, the 
eggs of these two species can be dif- 
ferentiated on the basis of small differ- 
ences. Those of C. ovina are usually oval 
shaped, while those of B. trigonocephalum 
have very blunt ends and straight sides; 
although eggs of both these species are 
dark in color, those of C. ovina appear a 
shade lighter and the development of the 
morula is more advanced. Relatively few 
abnormal eggs of C. ovina have been en- 
countered in fecal examinations. 

B. trigonocephalum.—Eggs of this species 
have dimensions quite similar to those of 
C. ovina (88 to 104 long by 74 to 56u 
wide). The embryo, however, consists of 
only 8 to 16 cells and is very dark in color, 
often appearing almost black (fig. 5). The 
ends of the egg shell are usually blunt and 
the sides parallel, in contrast to the usual 
oval shape of the eggs of C. ovina. Few 


abnormal eggs have been found in fecal 
examinations. 

Oesophagostomum columbianum. — The 
eggs of this species are smaller (fig. 7, 
C) (74 to 88 long by 45 to 54y wide) 
and are most easily confused with those 
of Haemonchus contortus. However, their 
normal deep color, small number of cells (4 
to 16) and poorly defined cell membranes 
are definite distinguishing characteristics. 
Variations in depth of color sometimes 
occur in eggs from different fecal sam- 
ples, but when variations do occur, the nor- 
mal coloration relative to other species is 
maintained. This condition must be 
guarded against in differentiating eggs 
that resemble each other closely and is es- 
pecially important in the case of eggs of 
O. columbianum and H. contortus. 

H. Contortus.—The eggs of H. contortus 
(fig. 10, A, B, C) are usually slightly 
smaller and appear to be more rounded 
than those of O. columbianum. They 
vary in length from 65 to 82y and in 
width from 39 to 46u. In fresh material 
they are found in the morula stage and are 
lighter in color than eggs of B. trigonoce- 
phalum and O. columbianum with which 
they may be confused. Some slight varia- 
tions may occur in respect to shape and 
coloration of these eggs. 

T. vitrinus, T. colubriformis, Tricho- 
strongylus axei.—Trichostrongyle eggs (fig. 
8, 9, D) are all characteristically irregular 
in shape, and the main variation among 
the eggs of these three species is size, those 
of T. vitrinus being 93 to 118, long by 4! 
to 524 wide, T. colubriformis 79 to 101, 
long by 39 to 47 wide, and T. axei 79 to 
92. long by 31 to 4lp wide. T. vitrinus 
produces the largest eggs of the three spe- 
cies. They are distinguished by their long 
narrow shape, and have one énd pointed 
and the other rounded. The eggs of 7. 
colubriformis (fig. 8) are slightly smalle: 
than those of 7. vitrinus and less pointed 
The eggs of T. axei (fig. 9) are the smalles' 
of the three species, and, except for thei 
irregular shape and pointed end, closely re 
semble those of Cooperia curticei. All thes: 
eggs are in the morula stage at the time o 
passage from the host. The eggs of 7. 
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pit inus and T. colubriformis are normally 
sli htly darker in color than those of T. 
ar’. Large Trichostrongylus eggs may be 
co fused with some irregularly shaped O. 
c cumeincta eggs, but the latter invariably 
are lighter in color and more rounded. 
Trichostrongyle eggs have occasionally 
been observed in fecal preparations that 
were as much as twice as large as normal 
evygs; other distinguishing characteristics, 
however, are usually preserved. 

C. curticei—The eggs of this species 
are small (70 to 82u long by 35 to 41, 
wide) and closely resemble those of H. 
contortus in general appearance, but are 
more slender (fig. 11). The sides of the 
eggs are parallel and the ends usually blunt. 
In fresh material, they are in the morula 
stage, are light in color, and the morula 
closely resembles that of T. axei. In figure 
D are shown a number of C. curticei eggs 
that are partially embryonated; these were 
photographed after exposure of the feces 
to normal laboratory temperatures for sev- 
eral hours. It will be seen that they can 
still be differentiated from eggs of other 
species by their size and shape, as they 
are distinctly narrower than the eggs of 
H. contortus, Trichostrongylus spp., and 
0. columbianum., 

Strongyloides papillosus—The only 
nematode eggs of sheep that contain ver- 
miform embryos when passed by the host 
(except those of Gongylonema spp., which 
are not considered here) are those of S. 
papillosus. The embryonated eggs are small 
52 to 65u long by 31 to 364 wide) and 
easily differentiated from those of other 
species (fig. 13, A, B, C). 

Trichuris ovis and Capillaria brevipes.— 
The operculated eggs of these two species 
are easily differentiated from each other 

d from those of other nematodes of 
sheep. The eggs of T. ovis (fig. 12) are 
larger (70 to 79u long by 31 to 39u wide) 
than those of C. brevipes (fig. 14) (49 to 
5u long by 24 to 26u wide). The latter 
are the smallest eggs of any of the common 
s.cep nematodes. The opercula of the eggs 
0! T. ovis project from the surface of the 
s! cll, while those of C. brevipes are almost 
fl sh and have the appearance of a plug. 


Recapitulation——The eggs of O. mar- 
shalli, Nematodirus spp., Strongyloides, 
Capillaria, and Trichuris are relatively 
easy to differentiate from each other and 
from other helminth eggs commonly found 
in sheep feces. At first glance, the eggs of 
other species of roundworms commonly 
found in sheep appear very similar in size 
and shape, but after careful study, smal! 
differences in depth of color, shape, stage 
of development in fresh feces, and size be- 
come obvious. The eggs of these nematodes 
may be arranged in groups according to 
apparent depth of color as follows: Buno- 
stomum, Chabertia, and Oesophagostomum 
eggs appegr deep brown or nearly black; 
those of Haemonchus, Trichostrongylus, 
and Cooperia have a medium brown color; 
and those of O. circumcincta are light 
brown or almost colorless. As regards 
shape, the eggs of O. circumcincta and 
Chabertia are smoothly oval; those of 
Cooperia and Bunostomum are cylindrical 
with rounded ends; those of Trichostrongy- 
lus, asymmetrical and usually pointed; and 
those of Oesophagostomum and Haemon- 
chus are rather square with rounded cor- 
ners. The eggs of Haemonchus are usually 
more oval than those of Oesophagostomum. 
The square appearance of the eggs of 
Haemonchus and Oesophagostomum, how- 
ever, is not always obvious. The stage of 
development of the embryos is also im- 
portant as a differential character. The 
least developed embryos recovered from 
newly passed feces are found in eggs of 
Oesophagostomum (4 to 8 cells) and in 
eggs of Bunostomum (usually about 16 
cells). The embryos in the eggs of Tricho- 
strongylus, Chabertia, Haemonchus, Coop- 
eria, and O. circumcincta are usually in 
the morula stage and so far developed that 
it is difficult to estimate the number of 
cells present. The size relationship between 
the eggs of these nematode species are 
illustrated in plates 1 and 2; the photo- 
micrographs are arranged roughly accord- 
ing to size. 

DISCUSSION 


There are several points to consider and 
precautions to be taken in making accurate 
diagnoses of parasitism in sheep, based 
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upon differential identifications or counts 
of nematode eggs in fecal preparations. 
These are as follows: (1) Fresh fecal ma- 
terial or its equivalent (fresh feces kept in 
a refrigerator at 32 to 33 F. will remain 
in good condition for some time if sealed 
in a container to prevent evaporation) 
should always be used, since the difficulty 
in identification of the eggs increases as 
the development of the embryo progresses. 
(2) Counts of or examinations of slide 
preparations for eggs should be made im- 
mediately after preparation for the reason 
already given. When saturated NaCl sclu- 
tion is used, the protoplasmic material in 
eggs quickly plasmolyzes. Whem sugar so- 
lution is employed, plasmolysis is much less 
rapid. (3) A knowledge of the morphology 
of the adult worms is useful, as it is often 
desirable to check egg determinations 
against postmortem findings. (4) A thor- 
ough knowledge of the species of nematodes 


generally found in sheep in a particula 
region is also useful, as several species 
may be eliminated from consideration in 
this way. For example, eggs of O. marsha./) 
and Nematodirus spp., being similar in 
size, may be confused when these species 
occur in the same animal. However, 0. 
marshalli need not be considered in the 
eastern United States, as it is not found in 
sheep in this region. (5) Mistakes in iden- 
tification can be corrected and confidence 
in one’s ability to differentiate the eggs can 
be increased by occasional autopsy of ani- 
mals shortly after egg determinations have 
been made. 


SUMMARY 


Photomicrographs of eggs of 14 common 
species of sheep nematodes and descrip- 
tions of eggs of 15 species are presented. 
Suggestions are also made which may aid 
in accurate identification of these eggs. 


i| 
= 
| 
| 
| 
| 
| | 
| 
| 
| 
0 0 
V 
| 
| 
| 


Establishment of Infection with Trichomonas Foetus in Bulls by 
Experimental Exposure 


DATUS M. HAMMOND, Ph.D., and DAVID E. BARTLETT, D.V.M. 
Washington, D. C. 


[HERE IS RELATIVELY little precise informa- 
tion concerning how infection with Tricho- 
monas foetus becomes established in bulls. 
Presumably bulls become infected by coitus 
with infected heifers or cows. It appears 
to be well established, however, that once 
the infection is acquired by a bull, he 
usually carries it indefinitely. Because the 
bull is the usual source of infection for 
heifers and cows, it is necessary to deter- 
mine the conditions under which bulls 
acquire the infection in order to provide a 
foundation for a logical approach to its 
prevention and control. 

Rees and Garlick! reported the establish- 
ment of infection in a bull during the fall 
of 1936 or early part of 1937 through coitus 
with one or more infected females. Sub- 
sequently, Rees, Garlick and Avery (un- 
published data in files of the Zodlogical 
Division) in work done at the Beltsville 
Research Center, failed to establish infec- 
tion experimentally in any of 12 bulls 
exposed a total of 150 times to trichomonads 
by various methods, as follows: 69 ex- 
posures on all 12 bulls, made by introducing 
cultures of T. foetus into the prepuce; 40 
exposures on 6 of the bulls by introducing 
nto the prepuce fluid containing living 
l'richomonas from the vagina or uterus of 
infected females; 4 exposures on 2 of the 
ulls by introducing preputial washings 
rom an infected bull into the prepuce; 23 
‘xposures on 4 of the bulls by breeding to 
nfected females having trichomonads in 
the vagina at time of service; and 14 ex- 
osures on 4 of the bulls by breeding to un- 


This work was carried out at the United States 
epartment of Agriculture Beltsville Research 
enter, Beltsville, Md, 

From Zodélogical Division, Bureau of Animal 
idustry, U. S. Department of Agriculture. 

‘Rees, Charles W., and Garlick, George C.: Ex- 
erimental Transmission of Bovine Venereal Tri- 
homoniasis. J. Agr. Research, lix (1939), pp. 
69-775. 


infected females immediately 
their service by an infected bull. 

The failure to infect these bulls indi- 
cated that they were refractory, at least 
under the conditions of these experiments. 
It is not clear from the evidence at hand 
whether this was due to natural resistance, 
or to insufficient opportunity for the 
trichomonads to become established. In 
order to determine which of these possibili- 
ties was correct, this work was continued 
in a second series of experiments. These 
experiments were designed to determine 
whether improved methods of experimental 
exposure would result in bulls becoming 
infected, and to obtain information on 
natural transmission of infection to bulls. 


following 


MATERIALS AND METHODS 


The 6 bulls used in 
cluded 2 
1 grade 


these experiments in- 
grade Jerseys, 2 grade Guernseys, 
Holstein-Friesian, and 1 purebred 
Guernsey, the ages of these animals ranging 
from 14 months to 7 years. The purebred 
Guernsey had been retired from a herd because 
of a bad breeding record associated with tricho- 
moniasis. Shortly after he was obtained for 
the experimental work on trichomoniasis, he 
recovered spontaneously from the infection. 
None of the remaining bulls had been infected 
previously, 4 had never served, and 1 had 
been bred 4 times to uninfected heifers. 

In the natural transmission experiments, the 
bulls were bred to heifers known to have, or 
suspected of having, trichomonads in the 
vagina. One bull served 4 infected heifers 
in estrum, each of whose vaginal samples on 
the day she was served was positive. A second 
bull was force-bred to 3 infected heifers, and 
bred to 1 infected heifer probably in estrum; 
each of these heifers had large numbers of 
trichomonads in the vaginal sample on the 
day she was bred. A third bull was bred to 3 
uninfected heifers immediately after services 
by an infected bull. Two of these 3 bulls were 
also later used in the second group of experi- 
ments. 

A second series of exposures of bulls was 
made by introducing material containing tricho- 
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monads into the prepuce. The aim in these 
experiments was to locate large numbers of 
active trichomonads in the posterior portion 
of the prepuce long enough to allow them to 
become established. The trichomonads were 
obtained by flushing the vagina of a heifer 
or cow in an active stage of experimental in- 
fection with 7 cc. of sterile 0.7 per cent saline 
solution injected and retrieved by means of a 
vaginal pipette similar to the one described 
by Andrews and Miller (1938). The amount 
of fluid recovered from the vagina varied from 
2.5 to 15 ec. The concentration of tricho- 
monads in the sample was estimated by means 
of a hemacytometer, In most samples used 
for experimental infection of bulls, there were 
from 300,000 to 3,000,000 trichomonads per cc. 
of fluid. One or two pledgets of cotton were 
then soaked in the fluid containing tricho- 
monads, and the pledgets inserted immediately 
with long-handled forceps into the prepuce of 
the bull to a position between the fornix and 
the tip of the glans penis in its retracted posi- 
tion. To avoid contamination of the moist 
pledgets with foreign material during inser- 
tion into the preputial orifice, a Graves vaginal 
speculum was used. After completion of the 
operation, the bull was placed in a stall over- 
night to lessen the chance of early expulsion 


exposure. If no infection became established 
in four to six weeks, the bull was given anothe; 
exposure. The bulls suffered no apparent ji] 
effects from the procedures used, 

Weekly examinations for trichomonads wer 
made of each bull during the entire period 
covered by the experiments, using a pipett: 
especially designed for this purpose. Thi 
pipette is a modification of the vaginal pipett. 
described by Andrews and Miller (1938). Th: 
preputial pipette used was longer than th: 
vaginal pipette, had a smaller degree of bend 
and the opening was at the end rather tha: 
on the side (fig. 1). It was used in the earlie: 
part of the work by injecting saline solution 
into the prepuce and recovering as much of 
it as possible, much in the same manner as 
the vaginal pipette is used. Later, it was 
found that an equally good sample could be 
obtained by inserting the pipette into the 
prepuce without saline solution, aspirating 
exudate from the space around the glans and 
washing this out of the pipette into a test- 
tube with a few cc. of saline solution. Samples 
were examined within two hours and again 
after twenty-four hours, in saline-egg medium 
(Avery and Garlick*?). The tubes were allowed 
to stand for about an hour to permit the 
trichomonads, if present, to become concen- 


Fig. |.—Pipette used in obtaining samples from the prepuce of bulls. Dimensions of pipette are: 


Length, 21 in.; 


of the pledgets. The pledgets were found to 
remain in the prepuce for at least one to two 
hours following the operation, while the bull 
was kept under close observation, and in some 
cases, the pledgets could still be palpated in 
the prepuce as long as twenty-four hours after 
they were inserted. 

In a few cases, a slightly modified procedure 
was used. In 2 exposures of 1 bull, the 
penis was unsheathed by manipulation and 
rubbed with a towel prior to insertion of the 
pledgets. In 3 exposures of 3 different bulls, 
under epidural anesthesia, the penis was un- 
sheathed to expose the entire preputial mucosa, 
and a thin layer of cotton soaked in vaginal 
washings was then wrapped around the glans 
before replacing the penis. Difficulty in main- 
taining the cotton at this location during and 
after retraction of the penis was encountered. 

In the majority of cases, the introduction of 
infective material into the prepuce was re- 
peated once or twice on successive or alternate 
days. In computing the total exposures for an 
animal, such a series is considered as a single 


diameter, 8 mm. 


trated in the upper layer of the accumulation 
of preputial cells at the bottom of the tubes. 


RESULTS 


Four bulls did not develop infections, al- 
though they were repeatedly exposed to 
T. foetus, while the other 2 became infected 
following 1 exposure. The records for these 
2 bulls follow. 

The first bull, a 1%5-year-old grade 
Guernsey, was first found to be infected 
a month after the first exposure; he appar- 
ently lost this infection following a second 
exposure, but became reinfected within a 
week following a third exposure (bull 207, 
table 1). In the first exposure, pledgets 
containing 2 cc. of vaginal washings from 


2Avery, John L., and Garlick, George G.: A 
Simple Medium for the Cultural Diagnosis of Tri 
chomonas foetus in Cattle. Proc. Helm. Soc. Wash 
vii (1940), pp. 27-29. 
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TRICHOMONAS FOETUS IN BULLS 


__ TABLE |.—Results of Exposure of Bulls to Trichomonas Foetus. 


EXPOSURES 
BY SERVICE 
TO INFECTED 

FEMALES 


HISTORY 
PREVIOUS TO 
EXPOSURE 


BIRTH 


EXPOSURES BY INTRODUC- 
TION OF TRICHOMONADS 


TOTAL 
INTO PREPUCE I[XPOSURES RESULTS 


(Date) 

9/2/41 
9/6/41) 
9/9/41! 


8/17/39 Had never 


served 


10/20/41; 


(Date) 
10/21 
1/19 


2/87; Negative 
9/9 


4 


9/19/41 
9/23/41 
10/1/41 


Had never 
served 


Negative 


Had never 
served 


5/19/40 


5: 9/10 
Positive 
; 11/25/41 


10/29/34 Infection 
terminated 
spontaneously 
last positive 
examination 
9/12/40 


; 10/22/41 
; 12/31; 1/1/42 
Negative 


Had never 
served 


bo 

— 
bo bo be 


co 


~ 


Negative 


4 services 
to uninfected 
heifers 


4/30/39 


Bred to uninfected female immediately following her service by an infected bull. 


an infected cow were inserted into the pre- 
puce, and this procedure was repeated twice 
within a period of eight days. Prior to the 
third insertion of pledgets, the penis was 
withdrawn by manipulation. Preputial 
washings obtained from the bull just before 
a second exposure, one month later, con- 
tained trichomonads, but unfortunately the 
exposure was made before the positive diag- 
nosis of infection. In making the second 
exposure, the glans was withdrawn, the 
mucosa of the glans and prepuce irritated 
rubbing and brushing, and preputial 
ashings from an infected bull were in- 
cted into the prepuce by pipette. The fol- 
wing examinations were negative, and the 
ll did not transmit infection to a sus- 
ptible heifer to which he was bred a 
mth after the exposure. It was concluded, 
erefore, that the infection which fol- 
wed the first exposure had been lost. 
“here was evidence of inflammation of the 
epuce as a result of the procedure used 
making the second exposure, which may 
ve been a factor in the disappearance of 

e infection. 


4/ 


13/42 
Positive 


The third exposure of this bull, given 
seven weeks after the second, consisted of. 
two introductions into the prepuce on suc- 
cessive days of pledgets soaked in 2 cc. and 
3 ec. of vaginal washings containing 
1,500,000 and 800,000 trichomonads per cc., 
respectively. The first examination, a week 
after the exposure, was positive for tricho- 
monads, and the bull has been positive up to 
the present time (June, 1942), a total of 
about six months. There were no obvious 
clinical symptoms nor evidence of an acute 
phase of the infection. However, two weeks 
after the first positive examination, a hard 
tumorous area about a quarter of an inch 
in diameter appeared about an inch poster- 
ior to the preputial orifice in the tissue be- 
neath the mucosa. This area increased to 
about a half inch in diameter before grad- 
ually disappearing about a month after it 
was first noticed. The superficial mucosa 
showed no erosion, and it is not certain 
whether there was any casual relationship 
between the presence of trichomonads and 
the tumorous area. Since becoming infected, 
the bull has been bred to 14 heifers and 
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cows. Three previously uninfected heifers 
all became infected following 1 service, and 
of the 11 previously infected heifers and 
cows, 6 became reinfected and 5 remained 
negative following 1 or more services. 

The second bull, a 3-year-old grade 
Guernsey, developed infection within a week 
following the first exposure, and this in- 
fection is still present (June, 1942), two 
months after the exposure (bull 193, table 
1). Infection was established following a 
single introduction into the prepuce of 
pledgets soaked in 5 cc. of vaginal washing 
containing 1,500,000 trichomonads per cc. 
from an infected heifer. A preputial sample 
taken with a dry pipette on the day follow- 
ing the exposure contained about 4,000 ac- 
tive trichomonads in 0.1 cc. of fluid, and 
all successive weekly examinations were 
positive. On the tenth day following his 
exposure, the bull was bred to a previously 
infected cow, and she became reinfected as 
a result of this service. No obvious clinical 
symptoms associated with the infection in 
this bull were observed. 

None of the remaining 4 bulls became 


infected following 4 to 8 exposures each 


(bulls 194, 210, 209, and 214, table 1). 
Three of these bulls were exposed several 
times by the same procedure used in estab- 
lishing infection in the 2 bulls already 
discussed, and once each by the method 
involving epidural anesthesia. In only 1 
of the 3 bulls (bull 209) could the re- 
sistance to infection be associated with 
previous infection. Two of the bulls resist- 
ant to infection were about 14 months old 
at the beginning of experimental exposure, 
a third was about 2 years, and the fourth, 
previously infected, was about 7 years old. 
None of the exposures involving coitus with 
infected females, or with uninfected fe- 
males following service by an infected bull 
produced infection. 


DISCUSSION 


The failure to produce any infections in 
the series of experiments involving 150 
exposures on 12 bulls (Rees, Avery and 
Garlick, unpublished data) is indicative of 
the difficulty of experimentally infecting 
bulls with 7. foetus. Negative results were 


also obtained by Walsh, McNutt and Mur- 
ray*® with a bull bred to infected females, 
and with a young bull injected in the pre- 
puce with pus containing trichomonads: 
Staub‘ also failed to infect a bull by pre- 
putial injections of cultures. 

That infection can be established experi- 
mentally in bulls was shown by Kiist® who 
reported infecting a proved clean bull by 
injecting 25 cc. of pyometra material into 
the sheath. Abelein® reported that Thanner 
(unpublished dissertation) infected a bull 
by injection into the prepuce of a pure 
culture of trichomonads obtained from pyo- 
metra pus and cultured through 7 pass. 
ages in horse-serum medium. Abelein also 
stated that Dangelmaier (unpublished dis- 
sertation) was able to establish infection 
in 3 of 9 bulls by the introduction of a 
small amount of a pure culture of tricho- 
monads into the prepuce with a silk 
brush (Seidenpinsels). The establishment 
of infection in 2 of 6 bulls in the pres- 
ent work coincides with Dangelmaier’s re- 
sults so far as concerns the proportion of 
successful transmissions, although Dangel- 
maier used a different source of organisms 
and a different method of introducing them 
into the prepuce. It is possible that the fail- 
ures to establish infections mentioned above 
were dependent in part upon inadequate 
methods of exposure. 

Some investigators (Kiist®, Swangard’) 
reported symptoms of severe inflammation, 
including swelling of the prepuce, muco- 
purulent discharge from the prepuce, and 
disinclination to serve, following the estab- 
lishment of infection in bulls. None of these 
symptoms was noted in either of the bulls 
which became infected during the experi- 
ments reported in this paper. Both bulls 


’Walsh, F. E., McNutt, S. H., and Murra 
Charles: Trichomonas bovis Infection in Catt 
Cornell Vet., xxiv (1934), pp. 60-74. 

‘Staub, Christian: Trichomonas foetus und _ ihre 
Beziehungen zum seuchenhaften Friihabortus und 
zur Sterilatit des Rindes. Inaug.-Diss., Zuric!, 
(1936), 63 pp. 

‘Kiist, Dietrich: Trichomonadenabort des Rind 
Deutsche tier. Wcehnschr., xli (1933), pp. 785-78 

*Abelein, R.: Zur Krisis in der Beurteilung dr 
Trichomonadenseuche des Rindes. Berl. u. Miin 
tier. Wehnschr., xxii (May 30, 1941), pp. 261-2¢ 

7Swangard, W. M.: Trichomoniasis in Catt! 
Biological Studies and a System of Contro|. 
J.A.V.M.A., xcv (1939), pp. 146-151. 
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that became infected appeared normal in be- 
havior and in appearance of the penis; how- 
ever, the penis was not withdrawn under 
anesthesia in either bull, and it is possible 
that slight inflammation may have been 
present. 

The failure of several of the bulls to 

come infected in spite of numerous ex- 
posures of the same kind that readily estab- 
lished infections in other bulls shows that 
there may be individual differences in re- 
sistance to infection. Age is probably not 
the determining factor, as indicated by lack 
f consistent differences in ages of the in- 
fected as compared with the resistant bulls, 
but it may be noted that the youngest bulls 
vere in the noninfected group. It is prob- 
able that other factors, such as individual 
differences in anatomy and physiology of 
the prepuce, are of importance in determin- 
ing these variations in resistance to in- 
fection. 

Only negative information on conditions 
inder which transmission to bulls occurs 
naturally was obtained in these experi- 


ments. The failure to establish infections 


in any of the exposures involving coitus 


shows that some bulls are resistant to in- 
fection by natural means. The results with 


experimental transmission indicate that in- 
dividual variation in resistance of bulls is 
probably more important than factors in- 
volving the source of infection. This would 
explain why some bulls become infected by 
natural means while others do not. 


SUMMARY 


Five bulls were exposed to Trichomonas 
foetus by introducing into the prepuce 
cotton pledgets soaked in vaginal washings 
from experimentally infected heifers and 
cows. Two became infected; 3 remained 
negative after a number of exposures by 
this and other methods. 

Thirteen bulls (including 12 from the 
unpublished work of Rees, Garlick and 
Avery) were exposed a total of 154 times 
by various methods not involving the use of 
pledgets. None became infected. 

No obvious clinical symptoms associated 
with trichomoniasis were observed in the 
experimentally infected bulls. Each bull was 
able to transmit infection to susceptible 
cows by service. 

The results indicate that there are dis- 
tinct individual differences in natural 
resistance of bulls to infection with T. 
foetus. 
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Sulfaguanidine Therapy in Experimental Bovine Coccidiosis 


DONALD C. BOUGHTON, Ph.D. 


Auburn, Alabama 


IN 1940, Marshall, Bratton, White, and 
Litchfield' reported that sulfaguanidine 
(sulfanilylguanidine) showed particular 
promise for the treatment of bacterial in- 
fections of the intestine. They pointed 
out two interesting properties of this drug, 
namely, (1) its low absorption from the 
alimentary tract and (2) its relatively high 
solubility in water. These properties sug- 
gested that sulfaguanidine might prove 
effective against intestinal coccidiosis, a 
disease against which flowers of sulfur, sul- 
fanilamide, and sulfapyridine had already 
been reported by several workers” as being 
partially effective. Levine* and Farr and 
Allen* found sulfaguanidine to be an effec- 
tive prophylactic against coccidiosis in 
chicks. The report of Foster, Christensen, 
and Habermann’ that daily administration 
of the drug prevented lambs from acquiring 
natural coccidial infections suggested that 
sulfaguanidine might be successful against 
bovine coccidiosis. 

The purpose of this paper is to report 
experiments in which treatment of experi- 
mentally induced bovine coccidiosis with 
sulfaguanidine gave promising results. A 
preliminary account of these experiments 
was published in abstract elsewhere.® 

From the United States Regional Animal Disease 
Research Laboratory. 

The writer is indebted to Mr. George D. Coffee 
for technical assistance. 

‘Marshall, E. K., Jr., Bratton, A. Calvin, White, 
J. H., and Litchfield, J. T., Jr.: Sulfanilylguanidine : 
A Chemotherapeutic Agent for Intestinal Infections. 
Bul. Johns Hopkins Hosp., 67 (1940), pp. 163-188 

“Levine, P. P.: Sulphur Therapy in Experimental 
Avian Coccidial Infection with Himeria necatrix. 
Cornell Vet., 3121 (1941), pp. 120-126. 

3] bid.: The Coccidiostatic Effect of Sulfaguanidine 
(Sulfanilylguanidine). Jbid.: 31 (1941), pp. 107- 
112. 

‘Farr, Marion M., and Allen, Rex W.: Sulfaguani- 
dine Feeding as a Control Measure for Cecal Cocci- 
dosis in Chickens. Abstract in J. Parasitol., 27 
(1941), p. 20. 

5Foster, A. O., Christensen, John F., and Haber- 
mann, Robert T.: Treatment of Coccidial Infections 
of Lambs with Sulfaguanidine. Proc. Helminth. 
Soc. Wash., 8 (1941), pp. 33-38. 

®‘Boughton, Donald C.: The Effects of Sulfaguani- 
dine on Experimental Bovine Coccidiosis. Abstract 
J. Parasitol. 27 (1941), pp. 16-17. 


MATERIALS AND Meruops 


The catves used in the present work were 
either Jerseys or Jersey-Guernsey crosses pur- 
chased when a few days old. Treated and con- 
trol animals in each experiment were matched 
as to age, weight, sex, and uncontrolled ex- 
posure to coccidia prior to the beginning of 
the experiment. All calves received routine 
care as to housing and feeding. Daily records 
were kept, throughout the experiment, of the 
general appearance of the animal, consistency 
of the feces, and the types and number of 
oécysts discharged. Differential odcyst counts 
and estimates of the relative number of o6cysts 
were made by means of a modification of 
Christensen’s’ flotation technique. A_ stand- 
ard volume of feces (1 level tablespoonful) 
rather than a standard amount of fecal sedi- 
ment (1 cc.) was used in the present work. 
Odcyst production was considered heavy when 
the estimated number of odécysts in 1 drop 
(removed from the surface of the 15 ce. of 
flotation medium by means of a wireloop 0.5 
cm. in diameter) exceeded 1,000. This figure, 
equivalent to a count of about 5,000 to 10,000 
oécysts per Gm. of feces, represents a level of 
oécyst output which is often accompanied by 
clinical manifestations. 

The inoculums were made up from fecal ma- 
terial collected from several infected calves. 
The material was stored in 2 per cent potassi- 
um dichromate at approximately 2 C. until a 
sufficient quantity was accumulated for experi- 
mental use. Ten to 15 liters of chromate-fecal 
suspension were usually required to provide the 
large numbers of odcysts desired. The entire 
suspension used in making up the inoculums 
for a given experiment was placed in a flat- 
sided, 5-gal. oil can. The can was then tilted, 
by placing it in a rack constructed for the pur- 
pose, in such a manner that it rested on one 
bottom corner. A piece of glass tubing was in- 
serted diagonally into the can through thie 
opening in the top corner, the lower end of the 
tubing resting in the bottom corner of the 
can. A stream of air under pressure, intro- 
duced through the glass tubing, served (o 
aérate and agitate the suspension. Sporulation 
of the oécysts and thorough mixing of the ma- 
terial were accomplished simultaneously, a 
period of seven to ten days being sufficient ‘oc 


7Christensen, John F.: The Effect of Copper § 
fate and Ferric Sulfate on Coccidial Ojcyst Out) 
in Feeder Lambs. J.A.V.M.A., 96 (1940), pp. 4 
180. 
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plete both processes. When maximum 
ulation had been obtained, the contents of 
can were divided into equivalent portions, 
ch were stored in the refrigerator in in- 
dual containers until needed. Just before 
culation of the calves, the supernatant potas- 
m dichromate solution was poured off; the 
al sediment, containing the odédcysts, was 
n washed and resuspended in warm water 
milk. Each calf in a given experiment re- 
ived one of the equivalent portions of the 
ginal suspension. Direct comparisons be- 
een resulting infections within the same ex- 
eriment are therefore justified. Because the 
olume was too large for a single feeding, each 
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oculated with equivalent portions of a suspen- 
sion of mixed species of bovine coccidia. 
Eimeria alabamensis, Eimeria cylindrica, Eim- 
eria bovis (syn., Eimeria smithi), Eimeria 
bukidnonensis, Eimeria auburnensis, and Eim- 
eria zurnii were all present in the inoculum. 
Each calf received approximately 50 million 
sporulated odcysts. An unpaired calf, discussed 
in experiment 2, was likewise inoculated at this 
time. 

On the second day after the inoculation had 
been completed, sulfaguanidine treatment was 
begun on the odd-numbered calves of the 4 
pairs. The daily dosage was at the rate of 
0.1 Gm. per 2.2 lb. of body weight. The drug 


Fig. |.—Extent of Treatment with Sulfaguanidine and Occurrence of Heavy Odcyst Discharge Resulting 
from the Inoculations of Experiments | and 2. 
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was administered by capsule approximately 
thirty minutes before the morning feeding. All 
4 treated calves received 21 consecutive daily 
doses. This constituted the extent of treat- 
ment for 3 of the calves; treatment was con- 


rtion was divided into several feedings, 
ich were given over a two- or three-day 
iod. The second day of such a period is con- 
lered as the first day after inoculation. 

The sulfaguanidine was administered by 


psule or was suspended in water and fed by 
ple. 

Leperiment 1.— This experiment was de- 
ned to test the efficacy of sulfaguanidine 
1inst experimental mixed infections. The 
ig was administered in daily doses through- 
the incubation period of the disease. 
in July 12 and 138, 1941, 4 pairs of calves, 
iging in age from 28 to 52 days, were in- 


tinued for twelve additional days on 1 calf for 
purposes of a second experiment, discussed 
elsewhere in this paper. The even-numbered 
calf of each pair received no drug. 

The organization and results of experiment 
1 are presented schematically on the left side 
of fig. 1. The species of coccidia that were 
represented by discharges of large numbers of 
oécysts, namely, over 1,000 per drop from the 
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surface of the sugar flotation, and the weeks 
after inoculation in which they appeared are 
indicated by designated abbreviations placed in 
appropriate relation to the time scale. Some- 
times a massive oécyst discharge of a given 
species may require only a portion of the 
weekly period for which it is recorded. Blank 
spaces within the open bars in fig. 1 represent 
weekly periods in which the daily examina- 
tions either were negative or revealed only 
relatively small numbers of oécysts. 

The results may be summarized as fol- 
lows: 

1) Seven of the 8 calves discharged large 
numbers of EF. alabamensis oécysts during 
the second week of the experiment. The 
infections with this species had all sub- 
sided by the fourteenth or fifteenth day 
after inoculation. 

2) The 4 untreated calves (144, 158, 160, 
and 162) developed severe clinical coccidio- 
sis during the third week of the experi- 
ment The first 3 died on the twenty-first 
twenty-seventh and twentieth days, respec- 
tively, after inoculation. The fourth (162) 
was killed when moribund on the fifteenth 
day. 

3) The fatal infections involved a mix- 
ture of species having prepatent periods 
of three and four weeks. The relative 
importance of the different species at any 
given point in such mixed infections is 
obviously difficult to determine, but FE. bovis 
appeared to be the most important single 
species involved in each of the clinical in- 
fections, as it exceeded all the other species 
in both oécyst production and tissue inva- 
sion. However, large numbers of E. zurnii, 
E. bukidnonensis and E. auburnensis were 
discharged by 1 or more of the untreated 
calves, indicating that these _ species 
were probably of some importance in 
all the infections. In the case of E. aubur- 
nensis, which has a long prepatent period, 
death of the host during the third week 
would preclude the possibility of demon- 
trating its oécyst discharge. Similarly, the 
calf killed on the fifteenth day (162) had 
not lived long enough to discharge EF. bovis 
oécysts, but numerous mature macrogame- 
tocytes of this species were demonstrated 
in stained sections of the colon. 

4) The 4 treated calves (145, 157, 159, 
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163) failed to develop clinical coccidiosis 
and none died. 

5) Only small numbers of odcysts were 
discharged by the treated calves during the 
third and fourth weeks after inoculation: 
frequently the flotations were negative. 

6) Two of the treated calves (145 and 
163) passed large numbers of E. bovis 
oécysts during the fifth week of the experi- 
ment, approximately two weeks after treat- 
ment had been discontinued. Odcyst pro- 
duction thus appears to have occurred two 
weeks later than is normal for this species, 
Reinfection from the pen mate was possible 
in 1 case (145) but was unlikely in the 
other (163), because the pen mate (162) 
had not discharged EF. bovis odcysts before 
it was killed. 

Experiment 2.—This experiment had _ two 
purposes, namely, (1) to check the results of 
experiment 1, which indicated that sulfaguani- 
dine failed to protect the host against HE. 
alabamensis, and (2) to test the resistance, 
to heavy inoculations of EF. alabamensis, of 
hosts that had experienced previous infection 
with this species while receiving sulfaguani- 
dine. 

Five calves were used in this experiment. 
Four of these were the treated calves (145, 157, 
159, and 163) of experiment 1; the fifth was 
an unpaired calf (151), which had been inocu- 
lated along with those of experiment 1 and 
differed only in having received 10 doses of 
sulfaguanidine before the inoculation. It had 
failed to discharge odcysts of E. alabamensis 
as the result of the inoculation (see fig. 1). 

On Aug. 9, 10, and 11, 1941, all 5 calves were 
inoculated with odcysts, about 200 million per 
calf, collected from several calves of experi- 
ment 1 during the second week, at which time 
E. alabamensis comprised over 95 per cent of 
the odcyst discharge. 

Sulfaguanidine treatment was discontinued 
five days before inoculation in 3 cases (145, 
159, and 163) and was continued without in- 
terruption for seven days after inoculation in 
the other 2 (157 and 151). 

The organization and results of experiment 
2 are shown schematically on the right side of 
fig. 1. 

The results may be summarized as fol- 
lows: 

1) All 5 calves developed a severe diar- 
rhea within five days after inoculation. The 
feces were quite watery, yellowish in color, 
and possessed a characteristic acrid odor 

2) In all 5 calves, the infections resulted 


in a very heavy production of EF. alabamen- 
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losis odcysts. This appeared in the feces 8& to 26 days, were divided into 3 groups. Each 
ing the second week after inoculation 8'oUp of 4 calves was assigned to one double 
ee the case of the 4 calves which lived that isolation house. Special precautions were taken 
: iwesd trated at 4 to avoid reinfection. All calves in the group 
_the long, ane was a saree pee mortem were transferred together, twice daily, to a 
ion; in the calf which died on the eighth day thoroughly cleaned compartment. The chance 
163). of picking up sporulated odcysts was thereby 
and 3) Two calves (159 and 163) of the 3 re- reduced to a minimum, if not altogether elimi- 
ovis iving no drug died on the fourteenth and nates. . 
On Aug. 26 and 27, 1941, all calves were 
eri- ghth days, respectively, after inoculation. jnoculated with equivalent portions of a sus- 
eat- The death of 1 (159) was due directly to pension in which EZ. bovis oécysts, derived from 
pro- he E. alabamensis infection, no other spe- cases abun- 
ant. ifferential cou ying 
two cies being involved. The death of the other 
; approximate proportions: One-third, E. bovis; 
1€8. 163) may have been complicated by the one-third, £. alabamensis; one-third, other 
ible presence of E. bovis. By the time the host species. Each calf received approximately 50 
a Fig. 2.—Extent of Treatment with Sulfaguanidine and Occurrence of Heavy Odcyst Discharge Resulting 
62) from the Inoculation of Experiment 3. 
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ied, however, the latter species had dis- million sporulated odcysts. 
ppeared In this experiment, 5 Gm. of sulfaguanidine 


4) The 2 calves (157 and 151) receiving were given daily for specified eight-day periods 
* stipe to 3 calves of each group. The drug was sus- 
xtended treatment with sulfaguanidine pended in a small amount of water and fed 
irvived. by nipple approximately thirty minutes before 
Experiment 3.—This experiment was de- the morning meal. The eight-day treatment 
ened to test the efficacy of sulfaguanidine was begun three days before inoculation on 
gainst severe E. bovis infections. The drug’ the first calf of each group, five days after 
as administered for specified short intervals inoculation on the second, and thirteen days 
rior to the onset of severe symptoms. after inoculation on the third; no drug was 
Twelve male calves, ranging in age from given to the fourth calf of each group. 
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The organization and results of experiment 
» are presented schematically in fig. 2. 

The results may be summarized as fol- 
lows: 

1) E. alabamensis odcysts were dis- 
charged during the second week by 4 of 
the 12 calves. The infections with this 
species probably played no significant part 
in the development of the subsequent clin- 
ical infections. However, their occurrence 
in relation to host age is of incidental in- 
terest. Three of the 4 calves showing F’. 
alabamensis belonged to the oldest group 
(group I) and the fourth to the interme- 
diate group (group II); none of the &- 
day-old calves (group III) responded to the 
inoculation with EF. alabamensis. This re- 
sult is in agreement with the observation 
that very young calves seldom show natural 
infections with this species, in spite of the 
fact that its prepatent period is short. 

2) The 3 calves (176, 180, and 184) re- 
ceiving early treatment developed severe 
E. bovis infections during the third week. 
One calf (176) was killed on the twentieth 
day, when it was moribund; the others died 
on the twenty-third and twenty-second days, 
respectively, after inoculation. 

3) The 3 calves (177, 181, and 185) re- 
ceiving treatment beginning five days after 
inoculation developed severe E. bovis in- 
fections during the third or fourth week. 
They died on the twenty-sixth, thirtieth 
and twenty-third days, respectively, after 
inoculation. 

4) The 3 calves (178, 182, and 186) re- 
ceiving treatment beginning thirteen days 
after inoculation did not develop E. bovis 
infections during the third or fourth week; 
all survived. They failed to discharge large 
numbers of E. bovis oécysts during the 
third and fourth weeks. One calf (182) 
showed high counts of this species after 
the fourth week. 

5) The 3 untreated calves (179, 183, and 
188) developed severe FE. bovis infections 
during the third week. Two calves (179 
and 183) died on the twenty-first and twen- 
ty-third days, respectively, after inocula- 
tion. 
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DISCUSSION 


Interpretation of the results of the fore- 
going experiments requires a consideration 
of the following points: (1) the apparent 
difference in the response of the 2 prin- 
cipal species of coccidia involved; (2) the 
distinctive features of the life cycles of 
these 2 species; and (3) the relation be- 
tween the number of coccidia introduced 
and the resulting infection. 

The two species of coccidia that are 
of most interest in the present work are 
E. alabamensis and E. bovis. In experi- 
ment 1, the infections involved a number of 
different species. Reasons have been given 
already for considering E. bovis the domi- 
nant factor and EF. alabamensis of compara- 
tively little importance in producing the 
fatal infections. In experiment 2, E. ala- 
bamensis was without doubt the important 
species. In experiment 3, FE. bovis produced 
the pathological conditions and caused the 
deaths of the hosts, the relatively small 
numbers of other species present being of 
little consequence. 

Marked differences between treated and 
untreated calves inoculated with E. ala- 
bamensis were not obtained. In experi- 
ment 1, both treated and untreated calves 
developed inféctions with species. 
There appeared to be a tendency for the 
treated animals to discharge fewer oécysts. 
Odécyst production, however, was sufficiently 
great to indicate that the reproduction of 
a considerable portior of parasites intro- 
duced at the time of inoculation was not 
curtailed. Treatment in this experiment 
was begun two days after inoculation, at 
which time the asexual reproduction was 
presumably underway, and was continued 
beyond the period of odcyst discharge. In 
experiment 2, likewise, both treated and 
untreated calves developed EF. alabamens's 
infections, which in this case were severe 
and produced a characteristic diarrhea. 
The odcyst discharge of the treated ani 
mals was as great as that of the untreate:, 
enormous numbers being discharged in «!! 
the infections as the result of the excee: 
ingly large inoculation. The death of 2 
out of 3 untreated, as against none out of 
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reated calves, may indicate, however, 
treatment caused the infections in the 
er to be relatively less severe. Treat- 
it in this experiment extended from be- 
e inoculation through the period of 
xual reproduction. In experiment 3, the 
sponse of the untreated calves to the in- 
lation with alabamensis was not suf- 
iently clear-cut to warrant a comparison 
tween treated and untreated animals. 
On the other hand, sharp differences 
etween treated and untreated animals in- 
ulated with odcysts of E. bovis were ob- 
tained, indicating that sulfaguanidine, un- 
er the conditions of the experiments, was 
more effective against E. bovis than against 
Ek. alabamensis. In experiment 1, the un- 
treated calves developed fatal infections; 
the treated calves did not become sick, and 
they exhibited either a negligible or a much 
delayed and curtailed odcyst discharge. 
Treatment in this experiment was begun 
two days after inoculation and was con- 
tinued for at least twenty-one days. In 
experiment 3, the short treatment begun 
late in the incubation period of the disease 
just prior to the onset of severe symptoms 
in the control group produced a similar 
sharp difference between the group so 
treated and those treated earlier or not 
at all. 
EF. alabamensis is a rapidly reproducing 
pecies that completes its life cycle in eight 
twelve days. Its asexual stages develop 
the epithelial cells of the free ends of 
the villi of the small intestine. The mero- 
‘ite family is small, not over 16 (often 
wer) merozoites being produced by each 
hizont. The sexual stages likewise de- 
lop in the epithelial cells of the villi of 
‘ small intestine. Groups of parasitized 
li appear as white patches protruding 
ve the surface of the mucosa. Natural 
fections with this species are seldom, if 
‘r, seriously harmful to the host. The 
servations from which this brief descrip- 
n is drawn will be discussed more fully 
another paper. 
. bovis has a prepatent period of ap- 
) oximately twenty days. Asexual 
ction—at least that portion of it which 
known—takes place by means of rela- 
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tively large schizonts visible to the naked 
eye.’ These are most abundant in the small 
intestine, where they lie imbedded in the 
capillary network in the free ends of the 
villi just beneath the intact epithelium. 
The merozoite family is very large, thou- 
sands of merozoites being produced by each 
schizont. The sexual stages develop in the 
epithelial cells of the large intestine. This 
species is often one of the principal forms 
involved in clinical coccidiosis as it occurs 
on the dairy farm. 

Massive reproduction of coccidia 
within the host tissues is culminated, after 
an apparently limited number of asexual 
generations, by odcyst production. Since 
the number of parasites produced each gen- 
eration is also limited, it follows that the 
extent of invasion at the end of the para- 
sitic multiplication is in direct proportion 
to the number of parasites gaining en- 
trance into the host. In other words, the 
severity of an infection with a given spe- 
cies is a function of the number of sporu- 
lated odcysts ingested. Due to differences 
in the life cycles of the various species, 
such as exist between E. alabamensis and 
E. bovis, one would expect to find differ- 
ences in total reproductive capacity and de- 
gree of tissue destruction. The minimum 
number of infective odcysts required to 
produce clinical coccidiosis would not nec- 
essarily be the same for any two species. 
Interpretation of experiments with a single 
species and comparisons between species 
must take into account the relative numbers 
of coccidia given in the test inoculations. 

If a treatment fails to destroy or com- 
pletely repress all the coccidia preseni 
in an infected animal, its effectiveness 
against clinical coccidiosis must depend 
upon its ability to keep the parasite popula- 
tion below the level at which host tissue is 
severely damaged. The present experi- 
ments indicate that sulfaguanidine in the 
doses given did not destroy all the coc- 
cidia. This was particularly evident in 
the case of EF. alabamensis at the two levels 
of infection tested in the first and second 


SBoughton, Donald C.: An Overlooked Macro- 
scopic Intestinal Lesion of Value in Diagnosing 
Bovine Coccidiosis. N. Am. Vet., 23 (1942), pp. 
173-175. 
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experiments. The heavier infection (ex- 
periment 2) reached a level damaging to 
the host. Whatever destructive effect the 
drug may possess against E. alabamensis, it 
was not sufficient, in the dose used, to pro- 
tect the host against a massive infection. In 
the case of EF. bovis, even when sulfaguani- 
dine protected the calves from fatal infec- 
tions, a few of the parasites succeeded in 
completing the life cycle. In the third ex- 
periment, the drug was effective only when 
given late in the incubation period of the 
infection, at which time the reproductive 
potential is presumably the greatest. This 
indicates that the drug, through its retard- 
ing effect, prevented the development of a 
large proportion of the organisms and thus 
kept the final parasite population below the 
lethal level. Treatment earlier in the in- 
cubation period was not effective. This 
suggests that the coccidia which were not 
affected by the drug were able, upon discon- 
tinuance of treatment, to reach the period 
of stepped-up reproduction, and thus, even 
though their original numbers may have 
been reduced, to produce a population suffi- 
ciently large to kill the host. It is possible, 
of course, that for some reason the drug 
is relatively more effective against the 
later generations than against the early 
ones. It should be pointed out that as long 
as the treatment fails to rid the intestine 
entirely of E. bovis, it is theoretically possi- 
sible that infections with this species con- 
siderably heavier than those produced in 
the present study would not be controlled 
by treatment. If one is dealing with rela- 
tively low-grade infections, such as those 
studied by Foster, Christensen, and Haber- 
mann® in lambs, treatment may appear to 
be 100 per cent effective simply because 
the parasite population in the treated ani- 
mals drops below the level at which it can 
be demonstrated by the technique employed. 

The data reported here do not provide an 
explanation of the mechanism of the ac- 
tion of sulfaguanidine. However, the dif- 
ference in the response of E. alabamensis 
and E. bovis, when considered in the light 
of their respective life cycles, is of possible 
significance. The exposure of merozoites 
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of E. bovis to the contents of the intes- 
tinal lumen is almost certainly greater than 
that of the merozoites of EF. alabamenss. 
The bursting of the large schizonts of the 
former species liberates an enormous swarm 
of merozoites. The release of E. alabamen- 
sis merozoites from their small schizonts is 
probably accomplished with less violence 
and is conceivably followed by an almost 
immediate penetration of nearby host cells. 
Since the sexual stages of E. bovis are 
often restricted to the large intestine, it 
is certain that one asexual generation must 
pass through the ileocecal valve. Sulfa- 
guanidine is known to be absorbed from the 
intestinal contents rather slowly. The 
longer exposure of E. bovis merozoites to 
the lumen contents may give the drug a bet- 
ter opportunity to act against FE. bovis than 
against E. alabamensis. 


SUMMARY AND CONCLUSIONS 


Three experiments are reported in which 
experimental infections of bovine coccidi- 
osis were treated with sulfaguanidine. 

Favorable results were obtained in the 
case of Eimeria bovis infections when the 
drug was given daily (a) at the rate of 0.1 
Gm. per kg. of body weight for a three- 
week period beginning two days after in- 
oculation; and (b) in 5-Gm. doses for 
an eight-day period beginning thirteen days 
after inoculation. 

Treatment of EF. bovis infections for 
eight-day periods begun three days before 
and five days after inoculation was not 
effective. 

Marked differences between treated and 
control infections were not obtained in the 
case of Eimeria alabamensis. 

The relation between successful treat- 
ment and size of coccidial population is dis- 
cussed. 

Distinctive features of the asexual stages 
of E. alabamensis and E. bovis are pointed 
out; their possible significance in the pres- 
ent work is suggested. 

It is concluded that sulfaguanidine gives 
promise of being useful against certain 
types of bovine coccidiosis. 
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The Fowl Tick (Argas Persicus), a New Vector of Anaplasmosis 


D. E. HOWELL, B.S., M.S., Ph.D., GEO. W. STILES, B.S., M.D., Ph.D.; and 
LEWIS H. MOE, D.V.M., M.Sc. 


AFTER ANAPLAMOSIS was recognized 

a separate disease, ticks were incrim- 
inated as vectors. At the present time, 18 
species have been shown to transmit the 
disease experimentally. Of these ticks, all 
but one belong to the family Ixodidae. 
Only Rastegaieff,! while working in Rus- 
sia, has incriminated an Argasine tick, 
Ornithodoros. lahorensis Neumann, as a 
vector of anaplasmosis. Boynton, Herms 
and Howell (unpublished data) were un- 
able to obtain transmissions by means of 
O. coriaceus or O. (Otobius) megnini. The 
authors have failed to find additional pub- 
lished data on anaplasmosis transmission 
by ticks belonging to the family Argasidae. 

In the more arid area of the southwest- 
ern part of the United States, cattlemen 
have frequently inquired about the rdle 
played by the spinose ear tick, O. megnini 
Dugés), and less frequently the fowl tick, 
irgas persicus (Oken), in spreading ana- 
plasmosis. In order to answer these ques- 
the following experiments were 
performed, designed to test both the 
mechanical, stage to stage, and hereditary 
transmission of the Argasine ticks which 
ire most frequently encountered in the 
Southwest. 


tions, 


MATERIALS AND 


All transmission experiments were conducted 
| isolation units of a barn designed and con- 
tructed for experiments in the transmission 
anaplasmosis. All ticks and flies were rig- 
lly excluded from this barn. The cattle used 
the experiment were kept in the barn at 
east forty days before use, to minimize the 
hance of accidental infection before the ani- 
This paper reports a coéperative project con- 
icted by the Oklahoma Agricultural Experiment 
ation and the Bureau of Animal Industry, U. S. 
partment of Agriculture. 
>. E. Howell, Department of Medical Entomol- 
y, and Lewis H. Moe, Department of Veterinary 
ience, Oklahoma Agricultural Experiment Sta- 
n, Stillwater, Okla.; Geo. W. Stiles, Branch 
\thological Laboratory, Bureau of Animal Indus- 
y, Denver, Colo. 
‘Rastegaieff, A. F.: A new Vector in the Trans- 
ission of Hemoparasites of Domestic Animals, 
lithodoros lahorensis Neumann 1908. Ann, Inst. 
isteur, liv (1935), pp. 250-258. 


mals were used experimentally. As an addi- 
tional precaution, the cattle were purchased 
from the college dairy herd where no cases of 
anaplasmosis has been recorded. 

The fowl ticks used were collected from their 
hiding places in and around chicken houses. 
As a result, no larvae nor first stage nymphs 
were collected; the other stages were repre- 
sented in about equal numbers. The spinose 
ear ticks were taken from the ears of healthy 
cattle for stage to stage transmission. For the 
hereditary transmission trial, mature nymphs 
were removed from an animal sick with ana- 
plasmosis and allowed to molt and lay eggs in 
the laboratory. The larvae from these eggs 
were then used. 

Feeding was accomplished in one of two 
ways. Small sacks of durable material, slightly 
larger than the ear to which they were to be 
attached, were made. The opening was lined 
with lamb’s wool to prevent the escape of 
small ticks and to make it more comfortable 
for the cow when the sack was attached to her 
ear. Ticks were fed either in the ear or in 
small metal boxes on the back, as described 
in The Public Health Reports (1933), pp. 
1081-82, with the exception that the box was 
glued on rather than secured with tape. By 
removing the screw cap, it was possible readily 
to remove or add ticks when desired. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Experiment I.—About 75 fowl ticks col- 
lected at Chickasha, Oklahoma, May 16, 
1940, and kept in the laboratory, were 
placed in the ear of cow 239 on May 31. 
This animal had an acute case of anaplas- 
mosis. Two days later, June 2, these ticks 
were removed. It was apparent that 58 
had fed. When the ticks were first at- 
tached, blood smears from cow 239 showed 
less than 5 per cent Anaplasma infested red 
blood cells; however, approximately 30 per 
cent were involved when the ticks were 
removed. The ticks were stored in the 
laboratory in small pill boxes at room tem- 
perature and humidity. 

Two weeks later, June 15, the ticks which 
had fed on cow 239 were placed in the ear 
of cow 252, a healthy susceptible animal, 
and allowed to remain until the morning 
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of June 17, when it appeared that 38 had 
fed. 

Blood smears were made from experi- 
mental cow 252 at weekly intervals for the 
first three weeks and thereafter twice a 
week. On August 15, smears were suspici- 
ous, and on August 17 definitely positive. 
Cow 252 developed a severe case of ana- 
plasmosis with a temperature rise to 105.8 
F., marked icterus, severe anemia, and in- 
appetence. The cow was used as a source 
of infective blood for several months and 
was afterward sold for slaughter. 

Experiment II.—On Sept. 19, 1941, 103 
fowl ticks from a large group collected on 
July 23, at Omega, Oklahoma, were fed to 
partial repletion on the back of cow 263. 
which was in the initial stage of anaplas- 
mosis and showed approximately 25 per 
cent of the erythrocytes involved. The time 
required for feeding varied from one to five 
minutes, depending upon the _ individual 
tick. When approximately one-third re- 
plete, the ticks were quickly transferred to 
cow 264, a nonimmune animal. 

Blood smears from cow 264 were ex- 
amined twice weekly for four months and 
revealed no marginal bodies. The suscep- 
tibility of this animal was later demon- 
strated by the injection of carrier blood 
which produced a mild case of anaplasmosis 
in 42 days. 

Experiment III.—-At the time the ticks 
in experiment II were fed to partial reple- 
tion on the acute case, cow 263, 300 other 
ticks were permitted to complete their 
feeding on the same animal. These ticks 
were pooled with the ticks used in experi- 
ment II and stored in the laboratory until 
October 21, when they were fed during the 
night on cow 246, a susceptible animal. It 
was believed that 284 ticks took some blood. 

Regular examination of blood smears 
from cow 246 failed to show anaplasmal in- 
fection. She was later proved nonimmune, 
for she developed a mild case of anaplas- 
mosis following the injection of 10 cc. of 
blood from a carrier animal. 

Experiment I1V.—Several hundred larval 
and nymphal spinose ear ticks, O. megnini 
(Dugés), were collected from cattle in 
Beaver County, Oklahoma, July 31. They 


were stored in the laboratory until Septem- 
ber 10, when 50 were placed in the ears of 
cow 252, an animal just recovering from 
anaplasmosis transmitted by A. persicis 
(Oken) in experiment I. Two weeks later, 
41 live ticks were removed and transferred 
to the ears of cow 243. Nine ticks were 
dead. The live ticks appeared to have fed 
and many had molted. The 41 ticks re- 
mained in the ears of cow 243 until October 
7, when it was evident 37 had fed. On re- 
moval, most of them had molted; 4 were 
dead and apparently had not fed. 

Experimental animal 243 was bled at 
regular intervals and microscopic examina- 
tions of the blood made with negative re- 
sults. Subsequent inoculation with carrier 
blood proved this cow was susceptible. 

Experiment V.—- Twenty-one _ replete 
spinose ear tick nymphs were removed from 
the ear of an old range cow that had re- 
cently died of anaplasmosis. This anima! 
had been shipped into Osage County, Okla- 
homa, from western Texas about five 
months previously. 

The ticks from this cow molted to the 
adult stage between September 10 and 16, 
and copulation was noted September 17, 19, 
and 20. Egg deposition began October 4 
and continued until December 16. Hatch- 
ing began October 29 and continued until 
January 8. On this date, all of the larvae 
(approximately 2,000) were combined and 
placed in the ears of cow 244, to determine 
the possibility of transmission from parent 
to offspring through the eggs. Feeding be- 
gan almost at once, and many ticks reached 
the last nymphal stage. Frequent blood ex- 
amination of cow 244 failed to reveal any 
Anaplasma. This animal was later proven 
susceptible by the injection of carrier blood 

The above experiments are summarize 
in table 1. 


DISCUSSION 


The experiments reported here indicate 
that fowl ticks, A. persicus (Oken), may oc- 
casionally transmit anaplasmosis from sic 
to healthy animals. However, they are 
probably not an important factor. Thes 
ticks normally feed on fowls, but during tl 
past two years, one of the authors (D.E.H 
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ABLE |—Summary of Transmission 


Experiments. 


IX PERIMENTAL 


No. or 
Source ANIMAL 


No. oF SOURCE 


| ANIMAL 
TIME ON 


2 days 


1 to 5 min. 


10 hr, 
14 days 


36.0 About 


2,000 


Not 


Case Known 


R.B.C. red blood cells. 
has received from county agents for iden- 
tification three lots of fowl ticks which 
were reported to have been taken from 
cattle. This indicates that fowl ticks may 
feed on cattle more frequently than has 
been assumed, particularly since they 
usually feed at night when they would not 
be observed. Furthermore, one who has 
watched the willingness and rapidity with 
which they feed on cattle under experi- 
mental conditions can have little doubt that 
they may occasionally feed on cattle under 
natural conditions, especially if the favored 
host has been removed. 

Spinose ear ticks are very common in 
much of the area where anaplasmosis is a 
serious problem, and cattlemen freqently 


ANAPLASMOSIS 


OF 
RANSMISSION 


T 


ISX PERIMENTAL 
ANIMAL 

TIMB 
BETWEEN 
FEEDING 

TIMP BEFORE 
ANAPLASMOSIS 
ATTEMPTED 


16 days 


61 days Biological 
(Stage to stage) 
Mechanical 
Biological 
(Stage to stage) 
Biological 
(Stage to 
Biological 
(Hereditary ) 


days 
hr. 1 min, 


hr. 32 days 


days 6 hrs, 


stage) 
days 


request information concerning the rdle 
they play in the spread of anaplasmosis. 
Since these ticks normally feed on a single 
individual only, the infection would have 
to pass from parent to progeny through the 
egg to reach a second cow. There is little 
epidemiological and no experimental evi- 
dence to suggest that this occurs. 


SUMMARY 


In one out of three experiments, it was 
possible to transmit anaplasmosis by means 
of the fowl tick, Argas persicus (Oken). Ef- 
forts to transmit the disease experimentally 
by means of the spinose ear tick, Ornitho- 
doros megnini (Dugés), were unsuccessful. 
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Effects of Pituitary Gonadotropins on the Ovaries and the 
Induction of Superfecundity in Cattle 


L. E. CASIDA, Ph.D., R. K. MEYER, Ph.D., W. H. McSHAN, Ph.D., 
and WALTER WISNICKY, B.S., D.V.M. 


Madison, Wisconsin 


THE MARKED OVARIAN reaction to gonado- 
tropic hormones so easily produced in cer- 
tain laboratory animals has not resulted 
in their wide use for control of the repro- 
ductive cycle in animal breeding or as a 
therapeutic agent in veterinary medicine. 

Zavadovskii, et al.,! used pituitary emul- 
sions on a small number of cows and suc- 
ceeded in inducing ovulation. Rumjancev- 
found that fresh pituitary substance did not 
induce heat and had no marked effect on 
the duration or intensity of estrus. Fol- 
licular growth with subsequent ovulation, 
atresia or luteinization and a considerable 
increase in the number of corpora lutea 
were noted in approximately half of the 
cases, 

Two apparently shy-breeding heifers 
were treated by Asdell.* Both of them came 
came into heat later and were bred. One 
became pregnant and the other, after show- 
ing nymphomania for a time, also con- 
ceived. 

Ovulation was produced with prolan in 
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'Zavadovskii, M. M., Eskin, I. A., and Ovsjanni- 
kov, G. F. (Lab. Phys. Devel., Inst. Anim. Breed., 
Moscow): Regulirovanie zenskogo polovogo cikla 
u korov. (The control of the female sexual cycle 
in cows.) Trud. Dinam. Razvit., 9 (1935), pp. 
75-96, (English summary); cited from A.B.A., 4, 
p. 37. 

“Rumjancev, N. V. (Lab. Physiol. Lact., Inst. 
Anim. Breed., Moscow): Vlijanie totaljnogo pre- 
parata perednei doli gipofiza na polovye organy 
korov. (The influence of total prepituitary prepa- 
ration on the genitalia of the cow.) Usp. zooteh. 
Nauk, 5 (1938), pp. 73-85, (English summary) ; 
cited from A.B.A. 8, p. 130. 

*Asdell, S. A.: Some Practical Applications of 
Endocrinology to Animal Husbandry. Proc. Am. 
Soc. Anim, Prod. (Nov. 1935), pp. 235-237. 


both open cows and heifers and in pregnant 
cows by Zavadovskii, et al.4 They reported 
that many of them came into heat three to 
five days later, but those which were bred 
did not conceive. They also indicated that, 
in all their experiments, the artificial estrus 
did not disturb the natural estrual cycle. 
Their results with equine gonadotropin 
seemed to have been somewhat similar. 
Later, Zavadovskii and Eskin® conducted 
experiments to determine why ovulation 
induced by a gonadotropic agent is not fol- 
lowed by conception. They were unable to 
detect anything abnormal about the ova, but 
did point out that the corpora lutea which 
were produced experimentally were _in- 
capable of disturbing normal  estrual 
rhythm. The appearance of the uterine 
mucosa, however, seemed to be normal for 
implantation. They suggested that the fail- 
ure of conception was due to the fact that 
the female genital tract was not ready to 
receive the spermatozoa and that, therefore, 
their vitality and migration were below 
normal, 

Hart and Cole,® from limited data, sug- 
gested that the minimal dose of equine 
gonadotropin for eliciting a response in 
cattle was approximately 750 rat units. 
They observed follicular rupture from this 
dosage and on larger dosages obtained 
excessive stimulation. 

Prolan or prolan and folliculin were 
administered to cows eight days after the 
preceding heat period by Pavlov and Solda- 
tenkov,? but very few of them came into 

‘Zavadovskii, M. M., Eskin, I. A., and Ovs): 
nikov, G. F.: Op. cit. 

‘Zavadovskii, M. M., and Eskin, I. A. (Lab. Phys. 
Develop., Inst. Anim. Breed., Moscow): New Data 
on Regulation of the Sexual Cycle in the Cow 
Bull. Biol. Med. Exp. USSR, 5 (1937), pp. 200-2 
cited from A.B.A. 7, p. 122. 

*Hart, G. H., and Cole, H. H.: The Gonad-St 


ulating Hormone of Mare Serum. Proc. Am. & 
Anim. Prod., (1933), pp. 262-268. 
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heat. The cows were inseminated but did 
conceive. 
Other reports on the use of prolan in 
e treatment of ovarian hypofunctions, 
erility, and nymphomania give little infor- 
ation on the specific effects of the hormone 
‘yreatment, so will not be discussed. 


NATURE OF STUDY 

The primary objective of this study was 
a determination of the effect of pituitary 
vonadotropins upon bovine reproductive 
functions. More specifically, observations 
were made upon the ability of gonadotro- 
yins to produce follicular maturation, es- 
trus, ovulation, and the formation and 
maintenance of corpora lutea. Tests were 
also made to determine whether eggs from 
artificially matured and ovulated follicles 
were potentially fertile. In addition, the 
effects of treatment upon the rhythm of the 
natural estrual cycle were noted. 

Different types of extracts of sheep pitui- 
tary glands were studied—unfractionated, 
follicle-stimulating, and luteinizing. In a 
few cases, unfractionated extracts from 


pituitary glands of other species were used. 
The various extracts were administered by 


different routes. Some were given subcu- 
taneously; others intravenously; and in 
many cases, a combination of the two meth- 
ds of administration was used. 

The animals were classified according to 
the stage of the reproductive cycle at the 
time treatment was begun. The ability of 
these different kinds of animals to react to 
yonadotropin was observed, as well as the 
effects that the stage of reproductive cycle 
might have on qualitative results obtained. 

Other problems that received considera- 
‘ion were the tendency of gonadotropic 
reatments to result in production of anti- 
‘onadotropic hormone and also the ability 

f a nonspecific augmenter to enhance the 
‘fectiveness of pituitary gonadotropins in 
ittle. 


[\TERIALS AND MEeTHops 


Time and Duration of the Study.—This work 
is done during the interval of 1934 to 1941, 
iclusive. Small numbers of animals were 


'Pavlov, G. N., and Soldatenkov, P. F.: Experi- 
ents on Inducing Heat in Cows by Folliculin and 
olan. Proc. Leningr. Inst. Dairy Cattle Breed., 
(1933) pp. 115-120; cited from A.B.A., 2, p. 107. 
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available at any one time, often only one or 
two. The facilities for maintaining animals 
also were limited, so that, in cases, 
months intervened between animals or treat- 
ments that were to be compared. 

Experimental Animals.—The cattle used in 
these experiments were primarily of dairy 
breeding (mostly Holsteins), and are grouped 
as calves, normal cows, and cows with incom- 
plete or questionable breeding histories. 

The calves may be classed as ‘“‘vealers.”” The 
weights ranged from 94 to 190 lb., and in so 
far as ages were known (only on 24 calves), 
from 17 to 117 days. Some of the calves were 
raised at the University farm, either in 
the dairy herd or in the experimental herd, 
whereas others were purchased from local 
stockyards. 


some 


The normal cows were ones for which there 
seemed to be no reason to question their ability 
to reproduce. This meant that they either 
were pregnant at the time of treatment or had 
recently calved, and frequent palpations of the 
genital organs showed no abnormalities which 
would be likely to interfere with reproduction. 
Most of these cows were purchased from farm- 
ers as “springers.” If not treated while preg- 
nant, they were permitted to calve in the 
experimental herd and frequent observations 
were made on them until the time of treat- 
ment. Some of the cows came from the Uni- 
versity herd, but these were ones for which an 
equal amount of information was available. 


The cows with incomplete or questionable 
breeding histories came either from the Uni- 
versity or from other state institution herds. 
These cows were being discarded, usually, for 
reasons other than extremely low breeding 
efficiency. Many of them, however, had been 
bred one or more times without conceiving. 
From the responses obtained with these ani- 
mals, there seems to be no very good reason 
for putting them in a different group from 
the normal cows. It has been done on the 
possibility that they might represent a selected 
population. 

Gonadotropic Extracts.—During the first few 
years, the endocrine preparations could be 
made in small quantities only, usually enough 
for one to three animals. Bioassay control 
was limited in the early stages of the work; 
thus, there was undoubtedly variation among 
the different preparations which was not kept 
constant in terms of physiological units de- 
termined on laboratory animals. Both of 
these conditions were materially improved 
during the last five or six years of the study 
when extracts were prepared in larger quan- 
tities and were more carefully controlled in 
the chemical and bioassay laboratories. 


The gonadotropic extracts, unless otherwise 
stated, were prepared from acetone desiccated 
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sheep pituitary gland powder. They may be 
classified as follows: (1) unfractionated (Unf.), 
prepared either as a 50 per cent pyridine-33 
per cent acetone-water soluble extract, or as a 
simple aqueous extract of the original powder. 
Such preparations usually produced exten- 
sively luteinized ovaries in immature test rats; 
(2) follicle-stimulating extract 1 (FS-1), pre- 
pared by the method of Fevold, et al.* The 
preparations made by this method were inade- 
quately tested on rats, but slight luteinizing 
activity was displayed in the few tests that 
were run; (3) luteinizing extract 1 (Lut-1), 
prepared by the method of Fevold, et al. None 
of these preparations was tested on rats; (4) 
follicle-stimulating extract 2 (FS-2), prepared 
by the method of McShan and Meyer.’ Each 
of these preparations was assayed, using 0.5- 
Gm. equivalent dosages, on 21-day-old rats. For 
3 to 6 animals, the average ovarian weight was 
usually about 60 mg., but ranged from 25 to 
90 mg. Little or no evidence of luteinization 
was observed in the test rats’ ovaries when 
they were killed after 9 semidaily injections; 
(5) luteinizing extract 2 (Lut-2), prepared by 
a procedure developed by McShan (unpub- 
lished). These preparations elicited no follicle 
stimulation or luteinization in immature rats 
when administered alone in 0.5-Gm. equivalent 
dosages. They did, however, produce exten- 
sive luteinization when 0.5-Gm. equivalent was 
combined with 0.5-Gm. equivalent of test 
follicle-stimulating extract and administered 
to 2i-day-old rats for 9 semidaily injections. 

The dosages have been expressed in Gm. 
equivalents. This refers to the number of 
Gm. of the original acetone desiccated powder 
which had been extracted and were represented 
in the dosage. This method has been used 
rather than expression in terms of rat units 
because of incomplete bioassay information. 
Meruops or TREATMENT 

The quantity of extract to be injected was 
dissolved in distilled water. As a rule, 5 ce. 
of fluid was used and injections were made 
once daily. Subcutaneous injections were made 
in the neck or shoulder regions, and intra- 
venous injections were made into either jugu- 
lar vein. All extracts were stored in a 
refrigerator. 


DATA AND DISCUSSION 
Preliminary Experiments with Calves.- 


Twenty-six calves were used in the prelimi- 
nary trials with pituitary gonadotropins. 


8Fevold, H. L., Hisaw, F. L., Hellbaum, A., and 
Hertz, R.: Sex Hormones of the Anterior Lobe of 
the Hypophysis. Am. J. Physiol., 10; (1933), pp. 
710-723. 

°*McShan, W. H., and Meyer, Roland K.: The 
Preparation and Properties of Pituitary Follicle- 
Stimulating Fractions made by Trypsin Digestion. 
J. Biol. Chem., 135 (1940), pp. 473-482. 


The detailed data are not included here, but 
the interpretations which the authors have 
made of the results are as follows: 

The ability of the ovaries to show a meas. 
urable gross response to treatment with 
gonadotropins appeared to be dependent 
upon the presence in the ovaries of vesicu- 
lar follicles. Further than this, however, 
the increase in size of ovary bore only a 
slight association. with the number of 
vesicuiar follicles present at the beginning 
of treatment or their size. The superficial 
follicles with antrums could be destroyed by 
electrical cautery and the ovaries still 
showed a marked follicular development 
from gonadotropic treatment. From this, 
it was inferred that the ability to respond 
was indicated by the presence of vesicular 
follicles, but was not directly dependent 
upon it. 

The formation of corpora lutea from sub- 
cutaneous injections of unfractionated ex- 
tracts seemed to be associated more closely 
with the interval of time during which the 
hormone was acting than it did with the 
ovaries or the follicles having obtained a 
certain minimum size. No corpora lutea 
were observed after six days of treatment, 
but were found after eleven or twelve days 
of treatment. This was true even though 
many of the six-day animals showed larger 
ovaries and larger follicles than were pres- 
ent in the eleven- or twelve-day animals. 

Various attempts were made to increase 
the follicle-stimulating effectiveness of the 
gonadotropic extracts. Administration by 
repeated intravenous injections appeared to 
be much less effective than by repeated sub- 
cutaneous injections. Administration of a 
mixture of hemin and gonadotropic extract 
was no more effective than administration 
of the extract alone. Also simultaneo: 
injection of an estrogen (theelin) did not 
appear to enhance or modify the ovary- 
stimulating ability of the gonadotropin. 

Comparison of unfractionated extracts of 
beef and sheep pituitary glands indicate: 
the former to be only slightly less effective 
than the latter when injected into calve:. 
This is at variance with the apparent wice 
difference in the potencies of these extrac‘s 
when injected into rats. 
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alves Treated by Subcutaneous Followed 
Intravenous Injection of Pituitary Gona- 
ropins. — Pituitary gonadotropins have 
en used in the induction of ovulation in 
ratory animals by various workers. 
atively few investigations have been 
ade on farm animals. The manipulation 
f dosages and injection methods for differ- 
nt combinations of follicle-stimulating and 


luteinizing extracts appeared from these 
studies to be important considerations. 


Primary emphasis in the present study 


was placed on the testing of combinations 


time that further administration of a 
luteinizing extract might enhance the de- 
velopment of corpora lutea in the case of 
pregnancy. As indicated by the work of 
Bunde and Greep’® and Astwood and 
Greep!!, this now seems doubtful. For some 
reason, ovulation did not occur in this ani- 
mal, but there was development of a 23-mm. 
follicle or cyst. Consequently, no test of the 
fertilizability of calf eggs was furnished by 
this experiment. 

Calf 5 was treated in a manner similar to 
the 2 previous calves, but the extract used 


TABLE |!.—Calves Treated by Subcutaneous Followed by Intravenous Injections of Pituitary Gonadotropins. 


SUBCUTANEOUS INJECTIONS INTRAVENOUS INJECTIONS 


EXTRACT 


DosacGe—G™M 
EQUIVALENTS 
INJECTIONS 


No. oF 


No. No.* 


ExtTrRAct TYPE 
AND No.* 


(Lut-1)4 
(Lut-1)4 
(Lut-1)4 
(Lut-1)4 
(FS-1)8 
(FS-1)8 
(FS-1)8 
(Lut-1)11 


(FS-1)3 
(FS-1)3 
(FS-1)2 
(FS-1)3 
9 (FS-1)8 
10 (FS-1)8 
11 (FS-1)8 
21 (F'S-1)10 
156 (FS-2)104CS 
(FS-2)107 
162 (FS-2)110WS 


_ 
on 


(FS-2)107 


ANH 


4.5 


(F'S-2)110WS 1.5 


BEFORE OB- 
SERVATION 
No. OF BGGS 
FOUND 


No. or INJEC- 


EQUIVALENTS 


FOLLICLE 


OVARIAN 


| DosaceE—GmM. 
bo co & bo bo TIONS 
— 
00 OO we. --GM. 


PORA LUTEA 


no to | LARGEST 


— 


21 
Unk. 


~ 

= 


‘For explanation of abbreviations, see p. 78. {tinterval calculated from beginning of treatment. 


of pituitary materials and combinations of 


njection methods for production of ovula- 


tion. Thirty calves were treated by admin- 
istration of follicle-stimulating extracts 
subcutaneously followed by intravenous in- 


ection of either a luteinizing extract or 
ollicle-stimulating extract (table 1). 

The first calf (3) treated by this method 
howed the presence of 2 corpora lutea when 
utopsied at eight days after the beginning 
f treatment. Two eggs were recovered by 
ushing the oviducts with physiological 
‘line. With the demonstration of a method 
1 production of ovulation, a second animal 
!) was placed on the same treatment and 
en artificially inseminated. Three addi- 
onal subcutaneous injections of luteinizing 
‘tract, totaling 3.6-Gm. equivalents, were 
ven after the intravenous treatment. This 
as done because it was suspected at the 


was prepared from sheep pituitary rather 
than from horse pituitary gland, as was the 
case of extract (FS-1)3. This calf also was 
artifically inseminated with semen collected 
from the vagina of a cow which had just 
been served by a bull. Again, 1 subcutane- 
ous injection of luteinizing extract, 1.25- 
Gm. equivalents, was administered follow- 
ing the intravenous injection. Six corpora 
lutea were present in the ovaries at the time 
of autopsy, nine days after the beginning of 
treatment. Flushing of the uterine horns 
with physiological saline yielded 3 eggs, and 
1 egg was recovered by tubal irrigation. 
This last ovum showed 1 large and 2 small 
cytoplasmic masses inside the zona pel- 


*Bunde, C. A., and Greep, R. O.: Suppression of 
Persisting Corpora Lutea in Hypophysectomized 
rats. Proc. Soc. Exp. Biol. Med., 35 (1936), p. 235. 

NAstwood, E. B., and Greep, R. O.: A Corpus 
Luteum-Stimulating Substance in the Rat Placenta. 
Tbid., 38 (1938), p. 713. 
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lucida. These bodies certainly did not ap- 
pear as normal blastomeres and it was left 
undecided whether fertilization had occur- 
red in this egg. 

The fact that 3 eggs were recovered from 
the uterine horn in calf 5, slaughtered at 
nine days, suggested that ovulation must 
have occurred by six days after the begin- 
ing of treatment, that is, assuming that a 
minimum of three days is required for 
transport of eggs through the oviduct. Calf 
6 was given a shorter treatment with fol- 
licle-stimulating extract and the dosage, 
again using extract (FS-1)3, was reduced 
below that used with previous animals. This 
animal was slaughtered six days after the 
beginning of treatment, and at that time 
there was 1 corpus luteum in the ovary. 
However, search of the oviducts and horns 
of the uterus by flushing with saline failed 
to yield any eggs. It is possible that the 
corpus luteum was one with an entrapped 
ovum, although there was a definite stigma 
present. As pointed out in connection with 
the preliminary trials, no trace of corpora 
lutea formation was observed in animals 
slaughtered six days after beginning of 
treatment by subcutaneous method only. 
The results with the first 4 calves treated 
with the combination of extracts and injec- 
tion methods suggested that such a proce- 
dure gave greater control over the produc- 
tion of ovulation than treatment by 
subcutaneous injection alone. 

Observations early in the studies with 
calves indicated that there was a tendency 
for the gonadotropic hormone to produce 
approximately equal growth in a large num- 
ber of follicles rather than to select a few 
follicles and produce a larger amount of 
growth in them. Introduction of an ovula- 
tion stimulus such as the intravenous injec- 
tion of luteinizer tended, therefore, to cause 
ovulation in more than one follicle. This 
would be desirable in a litter-bearing ani- 
mal, but in cattle the production of a single 
egg at a time would seem the logical goal. 

Extract (FS-1)8, prepared from sheep 
pituitary glands, was one that had been 
used in ovulation studies of lambs and 
anestrual ewes. As reported by Casida?’, 
when small doses of this preparation were 


injected subcutaneously into 3- to 5-month- 
old lambs, follicular stimulation, ovulation, 
and formation of corpora lutea resulted, 
When administered in large doses, however, 
only marked follicular maturation was pro- 
duced. Injection of the preparation one or 
two days subcutaneously, followed by one to 
three days intravenously, produced ovula- 
tion in the anestrous ewe. The number of 
ovulations produced in these trials were 
usually 1 or 2 per animal. This extract was 
used on calves 9, 10, and 11 to attempt ovul- 
ation with a minimum degree of ovarian 
stimulation and also to get data for com- 
parison of the calf with the sheep. Dosages 
of 1-, 2-, and 4-Gm. equivalents were admin- 
istered subcutaneously in 1 or 2 injections. 
These were followed by dosages of 2-, 4-, 
and 6-Gm. equivalents administered in 2 or 
3 intravenous injections. No ovulations 
were produced and again a number of fol- 
licles were stimulated to a slight degree 
rather than just a few to a greater degree. 


In each of. the first 7 calves presented in 
table 1, the dosage of extract given by in- 
travenous injection in terms of Gm. equiv- 
alents usually equalled or exceeded the dos- 
age administered subcutaneously. Calf 21 
was treated in such a way that the luteiniz- 
ing extract in terms of Gm. equivalents was 
only one-fifth that of the (FS-1) extract 
administered subcutaneously. It constituted 
a further test of different ratios between 
the subcutaneously and intravenously ad- 
ministered preparations, with the idea that 
there might be an optimum ratio. No cor- 
pora lutea were formed from the treatment, 
however, within eight days. A 13-mm. fol- 
licle, which was the largest, was showing 
considerable vascularity. It is presumed 
that the dosage of luteinizing extract was 
too small to bring in the required ovulation 
stimulus. 

Approximately four and a half years in- 
tervened between the treatments of the first 
8 calves and the treatments of calves 156 
and 162. During the meantime, methods 
for the preparation of more highly purified 
follicle-stimulating extract had been de- 
veloped. The (FS-1) extracts used in the 


BCasida, L. E.: Ovarian Stimulation in Imma- 


ture Farm Animals. Proc. Am. Soc. Anim. Prod., 
(1934), pp. 144-145. 
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ear ier years were in reality only partially 

purified. As noted earlier, the test rats 

h were treated with these extracts of- 

showed considerable evidence of luteini- 

m in their ovaries. The newer prepara- 

s were ones that gave little or no 
lence of luteinization in rat ovaries. 

alves 156 and 162 were treated by sub- 

aneous followed by intravenous injec- 

ns, both with the same type of extract, 

’S-2). On the assumption that luteinizing 
activity was absent from these extracts but 
was needed to produce corpora lutea, these 
animals constituted a test of the effect of 

varian development upon the luteinizing 
action from the calves’ own pituitary 
glands. It might be interpreted that this 
is what happened in calf 162, which formed 
} corpora lutea as a result of the treat- 
ment. No search was made for eggs in 
this animal. 

This result could also be interpreted that 
luteinizing action is not necessary for the 
production of ovulation. It seems more 
conservative to presume, however, that even 
in the suckling calf, the pituitary gland is 
beginning to exert some gonadotropic ac- 
tivity and will initiate luteinizing action 
when subjected to ovarian activity. Further 
work should be done on this point using hy- 
pophysectomized calves. For the present, it 
is probably best to assume, always, that the 
animal’s own pituitary gland may compli- 
cate the response obtained from any gonado- 
tropic hormone treatment. 


A total of 6 calves (not included in table 
were treated subcutaneously for four 
lays with 6-Gm. equivalents of the best 
follicle-stimulating extracts obtainable, fol- 
ved two days later by intravenous treat- 
ments with 5-Gm. equivalents of a purified 
einizing extract of known potency, as de- 
termined by augmentation of follicle-stim- 
ting preparations in rats. This treat- 
nt of the calves was presumed to produce 
lation, but no direct observations were 
made. The calves were artifically insemi- 
‘ed with a good quality of semen, col- 
ted with an artificial vagina from bulls of 
wn fertility. The trial was to constitute 
est of the potential fertility of eggs from 
ificially matured and ovulated follicles, 


No further treatment was given these 
calves until twenty-three days later, when 2 
of them were laparotomized to determine 
the condition of the corpora lutea and the 
possible presence of pregnancies. Seven 
corpora lutea were present in 1 and 18 in 
the other. Those in the latter calf were 
quite well-developed and were judged super- 
ficially to be functional. Those in the former 
were probably less well-developed or were 
showing some regression. One of the calves 
died four days after the operation and there 
was an opportunity to explore the uterus 
thoroughly for any contents. None were 
found. One horn also was removed from the 
other calf at the laparotomy and no con- 
tents were found in it. 

Although there was no evidence of preg- 
nancy at the laparotomies, nothing further 
was done with any of the calves for another 
seventeen days when the remaining ones 
were slaughtered. None of the calves showed 
evidences of corpora lutea at the time of 
slaughter, although 1 animal had shown 
them seventeen days earlier, as determined 
by laparotomy. There was no evidence that 
a pregnancy had ever occurred in any of 
these calves. Although it is not known def- 
initely that ovulation had occurred in all of 
them, it is presumed that it had in most of 
them and that the corpora lutea had re- 
gressed. Because of the conditions observed 
in 2 calves on the twenty-third day, it is 
supposed that corpora lutea regressed be- 
tween then and the fortieth day. It would 
appear that some effect of treatment could 
still be detected at autopsy, inasmuch as the 
ovaries averaged 3.6 Gm. in weight and the 
diameters of the largest follicles averaged 
10.4 mm. 

Fourteen other calves (also not included 
in table 1) were treated in essentially the 
same manner as the ones just discussed, in- 
cluding artificial] insemination, but were 
slaughtered within four days after the in- 
travenous injection. In addition, Progynon 
B (1,000 rat units) was administered to 3 
of the calves two days before gonadotropin 
treatment and to 3 others on the day that 
luteinizing extract was given. Corpora 
lutea were present in 10 of the 14 calves 
and eggs were recovered from 8 of the 10. 
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Twenty-nine corpora lutea were observed, 
but only 15 eggs were recovered. Twelve uf 
these were obtained from the oviducts and 3 
from the uterine horns. One egg obtained 
from the oviduct of a calf receiving estro- 
gen on the day of the luteinizing treatment 
appeared to contain 3 blastomeres, 2 of 
them each approximately half the size 
of the third. This probably was evidence of 
fertilization. Another egg recovered from 
a uterine horn (calf 201, not receiving 


Fig. |.—Two-Cell Embryo from the Uterine Horn of 
Calf 201. Approximately x300. 


estrogen) appeared to be a normal 2-cell 
embryo. There seems to be no reason for 
questioning fertilization of this egg. An 
egg recovered from the uterine horn of 
another calf showed a herniated zona pel- 
lucida with very little cytoplasm enclosed. 
The remaining eggs appeared normal, with 
the possible exception of one completely en- 
closed in corona radiata cells. It may be 
that this was from a very recent ovulation, 
and that the corona cells are not shed until 
after ovulation. 

The ovaries from 1 of these calves 
weighed 122 Gm. and were the heaviest ones 
produced in calves. The average ovarian 
weight for normal veal calves, reported by 
Casida, Chapman, and Rupel!*, was 1.9 Gm. 
The maximum response in calves, there- 
fore, would appear to be an increase of 
about sixty-fold. 


BCasida, L. E., Chapman, A. B., and Rupel, 
I. W.: Ovarian Development in Calves. J. Agri. 
Research, 1, (1935), pp. 953-960. 
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In general, the ovarian weights showed 
an extreme amount of variation, ranging 
from 2 to 122 Gm. The average ovarian 
weight was greatest for the calves receiving 
no estrogen, but the lightest as well as 
heaviest ovaries were both in this group. 
This variation cannot be explained on the 
basis of information at hand, but its occur- 
rence should be ever in mind when gonado- 
tropic hormone treatment is being given. 
Quantitative results would appear to be 
much less predictable than qualitative re- 
sults. Corpora lutea probably can be pro- 
duced with greater surety than any given 
size of ovary in a standard length of time. 
The condition of the ovaries in the group 
autopsied forty days after the end of treat- 
ment suggests, however, that even in the 
case of excessive stimulation, the animal 
may be able to correct the condition and 
eventually return to a normal or near nor- 
mal degree of ovarian development. 

Normal Cows Injected Subcutaneously 
with Pituitary Gonadotropins. — Twenty- 
three cows which would appear to be normal 
in reproductive behavior, as judged by their 
breeding history and clinical observations, 
were injected subcutaneously with pituitary 
gonadotropins (table 2). Most of these 
cows were examined per rectum just before 
treatment was begun and stimulation of the 
ovaries could be determined by an increase 
in size from the time of examination until 
autopsy. 

Various stages in the reproductive cycle 
are represented by the different cows. The 
postpartum cows had shown no heat period 
since calving, and examinations of the re- 
productive organs showed that quiet ovula- 
tion had not occured. Those cows classified 
as “post-quiet ovulation’ had shown no 
heat period since calving, but examination 
of the ovaries per rectum every few days 
had indicated that quiet ovulation had oc- 
curred. 

All classes of cows reacted to the gona:o- 
tropic treatment. This is indicated by the 
weights of the ovaries and in some cases by 
formation of new corpora lutea. Casica™ 
reported the average weight on ovaries 


“Casida, L. E.: Bovine Ovarian Reaction: t 
Various Gonadotropic Hormone Preparations. ol 
Dairy Science. 19, (1936), pp. 448-460. 
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n 20 normal, uninjected cows as 18 + 
Gm. The averages for different breeds 
lairy cows reported by Swett, et al.?’, 
ved from 19.6 to 24.7 Gm. Most of the 
ected cows (table 2), therefore, showed 
rian weights beyond the probable range 
urring in untreated animals. 

It was stated above that none of the 

lves treated by subcutaneous injections 

me had formed corpora lutea six days 

ter the beginning of treatment. Six of 

1e 20 cows that were slaughtered at six 
ays had formed new corpora lutea. Of 
these, cow 49 was pregnant 132 days at the 
beginning of treatment and cows 99 and 93 
vere postpartum twenty-one and seventeen 
days. Cows 88 and 86 were fifteen and 
fourteen days, respectively, after the occur- 
rence of a quiet ovulation, and cow 90 was 
sixteen days after the occurrence of estrus. 
The data fail to indicate that the stage of 
the reproductive cycle affected the quanti- 
tative response to the hormone; however, 
they are not in such a form that a sensitive 
test can be applied to this question. 

At the time that cow 50, the first post- 
partum cow, was treated, it was suspected 
that there would be very little reaction to 
ygonadotropins and consequently, 12-Gm. 
equivalents, a rather large dose, was admin- 
istered. This was suspected because pre- 
vious observation had indicated that fol- 
icular development is at a very low ebb 

ring the first two or three weeks after 
arturition (Casida and Venzke'®). The 

sponse obtained from this cow, ovaries 
eighing more than a half pound, made it 
appear that our judgment had been wrong. 
esides their large size, there were two 
ther points of interest with regard to these 
iries. Although there had been excessive 
mulation as far as weight is concerned, 

‘icles were no larger than 20 mm. in 

meter. The second point was that the 

rian tunics were ruptured all along the 


wett, W. W., Matthews, C. A., Miller, F. W., 
Graves, R. R.: Variations Recorded in the 
of the Conformation and Anatomy of 593 
y Cows Having Records of Production. U. 8. 
Agric., BDIM-589, Revised, (1937). 
asida, L. E., and Venzke, W. G.: Observations 
Reproductive Processes in Dairy Cattle and 
r Relation to Breeding Efficiency. Proc. Am. 
Anim. Prod., (1936), pp. 221-223. 


PITUITARY GONADOTROPINS 


greater curvatures of both ovaries. This 
left the follicular walls grossly exposed. Ap- 
parently, follicular development had been so 
great and so rapid that the ovarian tunic 
could not accommodate them. 

It is recognized that follicular develop- 
ment is at a low ebb during pregnancy, par- 
ticularly during the later stages. Ham- 
mond"? pointed out that no large follicles 
were present in heifers killed during the 
sixth and seventh month of pregnancy. He 
also quotes Kupfer as finding that the num- 
ber of follicles in the ovary visible to the 
naked eye decreased toward the middle and 
end of pregnancy. Unpublished data at the 
Wisconsin Experiment Station (Casida and 
Chapman) have indicated that the average 
diameter of the largest follicles decreased 
from 12 mm. in the second month to ap- 
proximately 9 mm. at the fifth month and to 
4 mm. in the eighth or ninth month. Vesi- 
cular follicles were always present, but the 
degree of development was small during 
the later stages of pregnancy. 

Two questions were in mind with regard 
to the treatment of the pregnant cows (47 
to 49, 51, 55, 56, and 96): “Would the 
ovaries of pregnant cows react as readily as 
those of open cows?’’, also, “Would exces- 
sive follicular stimulation cause an abor- 
tion?” 

As judged by the weights of the ovaries 
at the time of autopsy and also by the sizes 
of the largest follicles in the ovaries, there 
seems to be no reason for considering preg- 
nant animals any less reactive to pituitary 
gonadotropins than nonpregnant animals. 
The 4 animals injected with (FS-1)17 and 
19 can be compared, in dosage and interval 
from beginning of treatment to autopsy, 
with cows 44 and 46, cited in table 4. The 
ovarian weights in the first case ranged 
from 33 to 127 Gm., whereas in the 2 latter 
animals, it was 124 and 132 Gm. Another 
direct comparison can be made between 
cows 55 and 56 (table 2) and 71 (table 4). 
The ovary weights were 29 and 82 Gm. in 
the pregnant and 56 Gm. in the open cows. 

None of these animals showed any evi- 


“Hammond, John: 
Cambridge University 
217 pp. 


Reproduction in the Cow. 
Press, London, (1927), 
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TABLE 2.—Normal Cows Injected Subcutaneously with Pituitary Gonadotropins. 


SUBCUTANEOUS INJECTIONS 


DOSAGE ~tDays DIAM. oF 
REPRODUCTIVE —GmM. No.OF BEFORE OVARIAN No. OF LARGES] 
ANIMAL STAGE EXTRACT EQUIVA- INJEC- OBSERVA- WT. ~° CORPORA FOLLICLE 
No. —DAYS* AND LENTS TIONS VATION —GM. LUTEA 
50 PP10 Unf. 12 6 6 235 0 2 
47 Pr64 (FS-1)17 8 4 6 33 0 17 
48 Pri23 (FS-1)17 8 4 6 127 0 18 
49 Pri32 (FS-1)17 8 4 6 58 0 19 
51 Pri28 (F'S-1)19 8 4 7 121 0 20) 
55 Pr134 Unf. 10CRWI 8 4 6 82 0 24 
56 Pr140 Unf. 10CRWI 8 4 6 29 1 19 
96 §Pr(88 cm.) Unf. 87HMI 4 4 6 86 0 23 
99 PP21 Unf. 87HMI 4 4 6 41 9 18 
88 PQO15 Unf. 8S7HMI 4 4 6 55 1 16 
97 PQO4 Unf. 8S7HMI 4 4 6 73 0 15 
83 PE15 Unf. S7HMI 4 4 6 50 0 95 
91 PE16 Unf. 8S7HMI 4 4 6 60 0 23 
93 PP17 Hemin + 320 mg. 
Unf. 8S7HMI 4 4 6 39 1 12 
98 PP40 Hemin + 320 mg. 
Unf. 8S7HMI { 4 6 45 0 19 
100 PPO Hemin + 320 mg. 
Unf. 8S7HMI 4 4 6 13 0 18 
101 PP8$ Hemin + 320 mg. 
Unf. S7HMI 4 4 6 33 0 9() 
94 PP46 Hemin + 320 mg. 
Unf. S7HMI 4 4 6 100 0 18 
86 PQO14 Hemin + 320 mg. 
Unf. S7HMI 4 4 6 64 2 15 
85 PE15 Hemin + 320 mg. 
Unf. 8S7HMI 4 4 6 54 0 18 
90 PE16 Hemin + 320 mg. 
Unf. S7HMI 4 6 30 7 
171 PE10 Unf.S and X 105 35 35 1425 Many 50 
173 PQO20 Unf. Sl and 2 120 40 41 1440 Many 55 


*Pr — Pregnant; PP Postpartum; PQO= Post-quiet ovulation; PE Postestrus. 


‘For explanation of abbreviations, see p. 77. ftInterval calculated from beginning of treatment. §Breed- 


ing date not known; length of fetus at autopsy given. 


dence of a disturbance of her pregnancy 
during the six or seven days from the be- 
ginning of treatment until autopsy. Neither 
did any of them show any evidence of 
estrus, despite the great amount of follicu- 
lar development in many of them. Examina- 
tion of the fetus and placental attachments 
at the time of autopsy showed no evidence 
of abnormality. The period for possible 
disturbance in these animals, however, was 
relatively short. Further evidence will be 
cited regarding the effect of the treatment. 

Five nonpregnant cows were injected 
with 4-Gm. equivalents of unfractionated ex- 
tract 87HMI. Eight other cows belonging 


to the same general classification were in- 
jected with the same quantity of the same 
extract to which had been added, as an i 
vitro mixture, 320 mg. of heme. A com- 
parison of the ovaries from these 2 groups 
of cows constitutes a test of the ability of 
heme to produce augmentation of ovarial 
weights when administered as a mixture 
with unfractionated pituitary extract. The 
average ovarian weight for the group re- 
ceiving pituitary extract alone was 56 Gm. 
whereas that for the group receiving pitu- 
itary extract plus heme was 47 Gm. It was 
pointed out above, in relation to the p tui- 
tary extract and heme treatment of calves, 
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at there was no evidence of augmenta- 
on, and these data on cows are in agree- 
ent. 

There was a significant difference, how- 
ver, in the sizes of the largest follicles in 
he ovaries of the 2 groups of cows. For 
he cows receiving unfractionated extract 
lone (table 2), the average was 20.33 mm., 
ind for the 8 cows receiving heme in addi- 
‘ion to the unfractionated extract, it was 16 
mm. The reason for this is not clear, but 
for ovaries of the same weight it might 
suggest that more follicles had been stimu- 
lated but to a lesser degree when heme was 
added to the extract. The average size of 
the largest follicles for the 4 cows receiving 
(FS-1) was 18.75 mm., which also tended 
to differ from the average on the unfrac- 
tionated extract. 

The treatments for the longest durations 
to which any of the cows were subjected 
were those of 171 and 173. These received 
35 and 40 injections, respectively. They 


were injected with 3-Gm. equivalents of un- 
fractionated extract daily for long periods 
of time, to determine the readiness with 
which cattle develop antigonadotropic hor- 


mone. Tests of 2 cc. of the blood serum 
from these cows against pituitary extract 
in immature rats showed no evidence of 
antihormone being present until approxi- 
mately twenty-two days after the beginning 
of treatment in cow 171. The inhibitory 
action was slight at that time, but even 
such a slight effect did not show up in 173 
intil between thirty-six and thirty-nine 
days after treatment began. The most ex- 
treme effect was in 171 when, at thirty and 
thirty-five days, 2 ec. of serum inhibited the 
response of test rat ovaries to 27 mg., 
vhereas the control ovaries weighed 65 mg. 
None of the responses was judged to be 
more than slight. 

Unusual reactions to the long treatment 
vere encountered in these cows. The first 
ow to be treated (171) went off feed 
twenty-four days after the beginning of 
reatment but, despite her lack of appetite, 
he showed an increasing fullness of the 
ibdomen. Examination of the animal per 
rectum indicated that there was an accumu- 
‘ation of fluid within the abdominal cavity. 


A clear, yellowish, and odorless fluid was 
obtained by tapping the abdomen in the 
ventral region. The cow was slaughtered 
thirty-five days after the beginning of 
treatment, and approximately 20 gal. of 
fluid escaped from the abdomen when it 
was opened. 

Cow 173 did not go off feed until thirty- 
seven days after the beginning of treatment 
and, at that time, fluid could be palpated in 
the abdominal region per rectum. The cow 
was tapped and clear fluid could be drained 
from the abdomen. Between thirty-seven 
and thirty-nine days after treatment began, 
the cow changed distinctly in appearance 
from bloated to very gaunt. During this 
time, the herdsman reported that the cow 
was urinating excessively, both in fre- 
quency and amount. Tapping of the abdo- 
men after this period failed to yield any 
fluid. The cow was weighed 4 times during 
the course of treatment. At five days, she 
weighed 1,110 pounds, twenty-nine days— 
1,177, thirty-six days—-1,230, forty days— 
1,025. The change in body weights between 
the thirty-sixth and fortieth days is prob- 
ably also indicative of loss of accumulated 
fluid. No excessive amount of abdominal 
fluid was present at autopsy, forty-one days 
after the first injection. 


The experiment itself furnishes no facts 
for explaining the development of this con- 
dition of ascites. The observation that the 
fluid coagulated upon exposure to the air 
suggests that it was a transudate, but this 
also is a condition sometimes observed in 
follicular fluid. Injection of unfractionated 
sheep pituitary extract into a ewe for forty- 
three days (unpublished data, Wisconsin 
Agricultural Experiment Station) resulted 
in loss of appetite and death at the end of 
that time. More than a gallon of fluid was 
recovered from the abdomen at autopsy. 
Other work failed to produce this condi- 
tion in rabbits by longtime injections, but 
antihormones are easily produced in rab- 
bits. The phenomenon seems to be associ- 
ated with persistent treatment of animals 
in which antihormones are not readily de- 
veloped. 

The largest ovaries obtained from any 
cows were found in these 2 at the time they 
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were slaughtered. Those of 171 weighed 
1,425 Gm. and those of 173, 1,440 Gm. 
Strikingly enough, these weights are ap- 
proximately 60 times the normal, as was 
observed for the largest calf ovaries. The 
responses represented by these ovaries 
might well serve as a warning of the harm- 
ful results of excessive treatment. The 
ovaries contained large numbers of corpora 
lutea, but in general there was not com- 
plete luteinization. Many cysts and par- 
tially luteninized cysts up to 50 and 55 mm. 
in diameter were present. 


Fig. 2.—Genital Organs from Cow 171. 
This cow had been injected for thirty-five days and at 
the autopsy, the ovaries weighed 1,425 Gm. 


Normal Cows Treated by Subcutaneous 
Followed by Intravenous Injection of Pitui- 
tary Gonadotropins.—The cows treated by 
this method are listed in 5 groups (table 3) 
to facilitate discussion. Those of group 1 
were pregnant when treatment began. Cow 
131, treated with an unfractionated extract, 
showed the formation of 15 corpora lutea 
when she was slaughtered thirty-four days 
later. Cow 146, treated with a purified fol- 
licle-stimulating extract, showed the forma- 
tion of no additional corpora lutea, and any 
follicular developments that may have oc- 
curred had regressed by the time of slaugh- 
ter twenty days later. Neither of these 
cows showed any evidence of estrus at any 
time following treatment, and, what is more 
important, the pregnancies at no time ap- 
peared to be endangered, and no harmful 
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effects were evidencd on the fetus or a’- 
tachment of fetal membranes at the time 
of autopsy. 

The cows in group 2 were all treated with 
essentially the same dosage of the same 
unfractionated extracts. They were, how- 
ever, Slaughtered at different intervals fo'- 
lowing the initiation of treatment. Some 
of these animals were bred and some were 
not. Most of these cows did not come int» 
heat near the time of the intravenous in- 
jection. In this case, the cows were usu- 
ally “force bred” to an aggressive young 
bull the day of the intravenous injection 
and again on the next day. 

Probably, in no case was the onset of the 
next estrus accelerated by treatments with 
the gonadotropins, with the exception of 
cow 108, which received, in addition, 20,009 
rat units of Progynon B. In her case, the 
estrus observed seven days after the be- 
ginning of treatment is attributable to the 
estrogen and not to the gonadotropin. It 
would appear that although excessive num- 
bers of follicles are stimulated by an un- 
fractionated extract, these follicles are in- 
capable of inducing estrus, or the process 
is interfered with by the formation of cor- 
pora lutea. 

Cow 109 was in heat five days after the 
beginning of treatment, but this was also 
twenty days after her last natural heat pe- 
riod, so that it might be considered as asso- 
ciated with her natural estrual cycle. Aside 
from the heat period shown in connection 
with the injection of Progynon B, 108 
showed no heat up to the time she was 
slaughtered, which was forty days follow- 
ing her preceding natural heat period. The 
fact that the ovary showed a recent ovula- 
tion indicates that heat was not expressed 
following the treatment despite the fact 
that these cows were being checked with : 
bull twice daily. Two of the cows (114 an‘ 
121) were slaughtered fifteen and seventee 
days following their last natural heat p-- 
riod, so there was no opportunity to dete‘ 
the effect of treatment upon the natur 
estrual cycle. Cow 115 was in heat thirt 
one days after her last natural estrus, b 
it might be reasoned that inasmuch as s! 
was bred, a pregnancy was initiated but n: ‘ 
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maintained. Cow 112 was not bred, but 
estrus was delayed until twenty-four days 
after the last natural heat. Three other 
cows that were bred (111, 116, and 106) 
had gone thirty-four, thirty-six, and thirty- 
one days, respectively, before slaughter, but 
no estrus had been expressed in the mean- 
time. None of these showed any evidence of 
pregnancy at the time of slaughter. Three 
other cows that were not bred (110, 107, 
and 112) had gone twenty-four, twenty- 
nine, and twenty-seven days, respectively, 
since their last heat period at the time of 
slaughter and also had not shown the occur- 
rence of estrus. From these data, it would 
appear that treatment with the unfraction- 
ated extract does not initiate estrus itself 
and also that the occurrence of the next 
heat period is delayed, /.e., the timing of the 
natural estrual cycle is disturbed. It might 
be reasoned that the failure of pregnancy to 
result from treatment with unfractionated 
extract is due to the absence of behavioral 
estrus or something associated with it. Cow 
108 was injected with Progynon B to test 
this idea. Estrus was induced, but still no 
pregnancy was evidenced thirty-six days 
after the beginning of treatment. It might 
appear from the ovum recovered from cow 
109 that failure was occurring in the very 
early stages, either a failure of fertilization 
or the degeneration of the embryo while in 
the very-few-cell stage. 


The cows in group 3, treated entirely 
with purified follicle-stimulating extracts, 
shed some light on the production of ovula- 
tion and estrus during the natural inter- 
estrual period. Four of these cows (147, 
145, 149, and 160) showed estrual behavior 
six, five, four, and nine days, respectively, 
after the beginning of treatment. These, in 
turn, were eleven, fourteen, thirteen, and 
eighteen days after the last natural heat 
period and would appear to be some accel- 
eration over the natural estrual rhythm. 


Seven of these 9 cows showed the pres- 
ence of young corpora lutea at the time 
of autopsy. Inasmuch as all of these cows 
were slaughtered before the time of an ex- 
pected natural heat period, it would appear 
that the follicle-stimulating extract, when 
injected subcutaneously and then intraven- 


ously, can initiate the formation of corpo: 
lutea without the treatment being superim- 
posed upon whatever natural forces produce 
ovulation in connection with the naturs 
estrual period. The initiation of corpor: 
lutea formation, only, has been mentioned. 
From the appearance of rupture points, it is 
assumed that most of them were corpora 
lutea of ovulation; no actual search for eggs 
was made. It also is not known whether 
these corpora would continue their develop- 
ment without some further treatment or the 
intervention of the cows’ own endocrine ac- 
tivity. As was pointed out above, where 
calves were treated with the purified fol- 
licle-stimulating extracts, it seems best to 
assume that the cow’s own pituitary gland 
may have played a part in the production 
of ovulation. It would be desirable to run 
another series of animals treated by the 
subcutaneous method only, to see if ovula- 
tion would be produced during the inter- 
estrual phase; the effect of the intravenous 
injection cannot be evaluated from this ex- 
periment. The fact that estrus occurred in 
a part of these cows during the interestrual 
phase and did not in the ones treated with 
unfractionated extract leads one to believe 
that the fractionation process removes 
something from the extract which through 
its action, probably on the ovaries, inhibits 
the estrus normally expected from follicular 
maturation. 

The cows in group 4 were injected sub- 
cutaneously with a purified follicle-stimu- 
lating extract followed by an intravenous 
injection of a purified luteinizing prepara- 
tion. All of these cows were in the early 
stages of the estrual cycle, being two to 
three days past the natural period when 
treatment began. The cows were artifically 
inseminated on the day of the intravenous 
injection and usually on one or two days 
following this time. One of the animals 
(184) did not ovulate and the other 4 ani- 
mals, in which there was reason to believe 
ovulation had occurred, did not become 
pregnant. 

Cow 183 was killed eight days afte 
treatment was begun, to see if the egyus 
were fertilized. Four 1-celled eggs wer 
recovered from the oviduct; fertilization 
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1943 
not taken place. Cows 176, 179, and 
were in heat seventeen, twenty-one, 
twenty-nine days, respectively, after 

ir last natural heat periods. None of them 
wed estrus in connection with the treat- 
nt during the early part of the estrual 
‘le. Little can be said as to the effect of 
eatment upon natural estrual rhythm, cow 


Fig. 4.—One Ovary and the Three 
Normal Embryos from Cow 174. 
A fourth embryo, which was de- 
generating, is not clearly visible in 


the photograph. 


76 coming back a little early and 185 being 
‘layed, whereas 179 was back in heat on 
me. 

In contrast to the cows in group 4, which 
‘re injected during the early or luteal 
iase of the estrual cycle, the cows in group 
were injected first from the sixteenth to 
e eighteenth day, or during the follicular 
hase of the cycle. The dosage and injec- 
on method, as well as extracts used, were 
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essentially the same as those used on the 
cows in group 4. Artificial insemination 
was carried out in much the same way, be- 
ing timed in relation to the intravenous in- 
jection. Objective evidence of the occur- 
rence of pregnancy was obtained in 3 of 
these cows. Cow 180, which was slaugh- 
tered thirty-six days after the beginning 


Fig. 3.—The Seventh Embryos from 
Cow 180. There has been hemor- 
into the amniotic 


rhage vesicle 


surrounding one of these. 


of treatment, showed the presence of 7 
embryos ranging from 10 to 13 mm. in 
length. One of these showed considerable 
hemorrhage into the amniotic fluid, and this 
may have been an indication of embryonic 
death either having occurred or being im- 
minent. There were 9 corpora lutea with 
papillae present, ranging in size from 12 to 
17 mm. in diameter. From cow 174, which 
showed 6 corpora lutea ranging from 13 to 
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17 mm. in diameter at the time of her 
autopsy fifty days after the beginning of 
treatment, 3 normal-appearing embryos 
ranging from 26 to 32 mm. in length were 
recovered. There was also 1 small degen- 
erating embryo 3 mm. in length present. 
There were 5 corpora lutea in cow 177, the 
third cow which showed definite evidence of 
pregnancy, but only 4 of these corpora lutea 
had papillae present. This cow was killed 
thirty-three days after the beginning of 
treatment, and she showed the presence of 
4 embryos. ranging from 9 to 11 mm. in 
length at the time of autopsy. 


A fourth cow (175) should be classed as 
pregnant, but the data on her are on an en- 
tirely different basis. Definite pregnancy 
diagnoses were made forty-three and fifty- 
one days after the time of the intravenous 
injection. These diagnoses were based on 
the increased size of the uterine horns and 
upon the presence of fluctuating fluid con- 
tents within the horns as determined by 
rectal palpation. The third examination 
was made at seventy days. The horns had 
returned to normal size and there were 
obviously no contents, as detected by palpa- 
tion. This cow was killed on the next day; 
and was found not to be pregnant. A re- 
cent quiet ovulation had occurred from 
which an unfertilized ovum was recovered 
from the oviduct by flushing with physio- 
logical saline. Any previous corpora lutea 
that may have been present had apparently 
degenerated beyond recognition at autopsy; 
4 corpora lutea were palpable at fifty-one 
days. 

The other 3 cows in group 5 resumed 
their estrual cycles, cow 178 returning in 
heat after seventeen days and 176 after 
twenty-five days; 181 resumed her cycle 
thirty-two days after the heat period which 
was expressed in connection with the treat- 
ment. The latter was 1 of the 2 cows which 
showed estrus in connection with the treat- 
ment with follicle-stimulating extract, cow 
177 being the other. Of the 4 cows, there- 
fore, that appeared to have been pregnant, 
only 1 of them showed a heat period at the 
time of insemination. The cows that re- 
sumed their estrual cycle after treatment 
and breeding differed from the cows that 
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conceived, in the results observed by man- 
ual palpation of the ovaries. Cow 13] 
showed the presence of no corpora lutea, 
and 178 and 176 showed 1 and 2 corpora 
lutea, respectively. The numbers present 
in the pregnant cows ranged from 4 to 9. 
Cow 181, of course, could not be expected to 
conceive because of the failure of ovulation. 
It is not known whether 178 and 176 failed 
in part because of the low ovulation rate in 
connection with an excessive stimulation of 
follicular development. 

The cows in group 5 demonstrate the po- 
tential fertility of eggs from follicles arti- 
ficially matured by gonadotropic hormone. 
The ovulation stimulus may, however, have 
been enhanced by changes occurring in the 
animal in connection with her own estrual 
rhythm. An indication is given by this 
group of cows that estrual behavior is not 
necessary for the production of fertility. 

Nothing can be told with certainty re- 
garding the pregnancies that were estab- 
lished in the slaughtered cows, as to 
whether they would have gone ahead to 
produce multiple-births. There was evi- 
dence that 2 of the embryos were regress- 
ing at these stages. The fact that the 
pregnancy in another cow (175) regressed 
between fifty-one and seventy days also 
questions the ability of these pregnancies 
to be maintained. 


A comparison of the breeding results 
from groups 4 and 5 makes it appear that 
there is a difference in the potential fer- 
tility of eggs matured during the 2 differ- 
ent stages of the estrual cycle. From the 
1 luteal-phase cow (183), which was autop- 
sied at a stage in which fertilization of the 
eggs could be determined, the failure of 
fertility in these cases would appear to be 
due to failure of fertilization. There are 
reasons to believe that the sperm in the 2 
groups of animals were comparable in their 
potential fertility. This apparent diffe:- 
ence in fertility resulting from anima's 
treated in the luteal and follicular phases of 
the cycle needs further study. 

Cows with Incomplete or Questionab:: 
Breeding Histories—As pointed 
earlier, these animals were usually bein 
discarded for reasons other than extreme! 


| 
| L 

| 

| 

| 


aRY 1943 


PITUITARY GONADOTROPINS 91 


breeding efficiency. They showed no 
y:oss abnormality of the reproductive or- 
s at the time of clinical examination. 
eems justifiable to include these animals 
ause of the difficulty in obtaining suffi- 
it numbers for study of so-called nor- 
| animals and, what is perhaps more 
portant, the responses of these animals 
med in all essential respects to corrobo- 

te the findings on normal animals. 
An attempt was made with cow 40 (table 
to induce a nymphomaniac condition, 
ising an (FS-1) extract. Behavioral estrus 
lid not occur and corpora lutea were pres- 
ent in the ovaries at the time of slaughter. 


Cows 44 and 46 have already been dis- 
cussed in connection with the responses of 
cows 47 and 48 (table 2). Again, cows 57 
and 71 on unfractionated extracts produced 
follicles up to 20 and 23 mm. in diameter, 
as compared with 16 and 17 mm. diameter 
for cows 44 and 46 on (FS-1) extract. This 
difference was true whether or not corpora 
lutea had been formed. 

Four cows (42, 43, 61, and 62) were ani- 
mals that had been bred 4 to 7 times with- 
out conceiving. These cows were treated 
beginning from the fourteenth to the six- 
teenth day of their estrual cycles, (FS-1) 
extract being used on the first 2 and un- 
fractionated extract on the last 2. They 
vere bred in connection with the accom- 
panying heat periods and the 2 animals on 
the follicle-stimulating extract became 
pregnant. One of the animals on the un- 
fractionated preparation did not ovulate 
ind the other did not develop a normal 
pregnancy. When she was slaughtered at 

venty-three days, 9 eggs were recovered 
rom the uterine horns. One of these eggs 
ppeared to have reached a 3-cell stage and 

others the 2-cell stage before fragmenta- 
on began. This description implies that 
rtilization of a part of the eggs occurred 

id, of course, is an interpretive one. This 

st animal did indicate that when corpora 

tea were formed as a result of administer- 

g unfractionated extract during the fol- 

ular phase of the cycle, some ovulation 
t least might occur, but the ability of the 
zgs to be fertilized or to develop normally 
- fertilized was decidedly in question. This 


in contrast to the cows that 
with follicle-stimulating ex- 
the follicular phase of the 


seemed to be 
were treated 
tract during 
cycle. 

Cows 72 and 76 furnished information 
that unfractionated extracts when injected 
first subcutaneously and then intravenously 
would produce ovulation, as indicated by the 
recovery of 5 eggs from the oviduct of 72 
and 3 from 76. The question had been 
raised up to this time as to whether the 
eggs might not all be entrapped in the cor- 
pora lutea formed by such treatment. 


An attempt was made with cow 135 to 
maintain the experimentally produced cor- 
pora lutea by means of continued subcu- 
taneous injection of the unfractionated 
extract, and if possible, to inhibit the nat- 
ural estrual rhythm. The animal was in 
heat nineteen days after the beginning of 
treatment, and at the time of autopsy there 
was evidence that the experimenally pro- 
duced corpora lutea had regressed and new 
corpora lutea were formed in connection 
with the heat period. 

Trials were made with cows 75, 132, 133, 
and 134 to initiate pregnancy from ovula- 
tions induced by unfractionated extract. 
Three of these animals were in the luteal 
phase of the estrual cycle. The only ones 
of these animals that showed estrus in con- 
nection with treatment were the ones that 
received Progynon B in addition to the 
gonadotropin (see table 4). These last 3 
animals were allowed to go until thirty-one 
to thirty-five days after the beginning of 
treatment when they were slaughtered. No 
evidence of pregnancy was obtainable at 
that time. Prior to slaughter, however, 
these cows had come into estrus at inter- 
vals of twenty-three to twenty-eight days 
following the beginning of treatment (es- 
trual cycles of twenty-eight to thirty-two 
days). This is in agreement with the delay 
of the succeeding estrus following treat- 
ment which was noted in connection with 
normal cows treated by subcutaneous in- 
jections of unfractionated extract. Treat- 
ment with unfractionated pituitary extract 
plus estrogen during the luteal phase of the 
estrual cycle failed to produce pregnancy 
in these cows. 
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SUMMARY 


When unfractionated pituitary extracts 

ere administered subcutaneously to calves, 

e formation of corpora lutea seemed to 

- associated more closely with the interval 
f time during which the hormone was act- 

g¢ than it did with the size of the ovary 
roduced or with the production of a cer- 
ain minimum size of follicle. 

A calf with no vesicular follicles in the 
ovaries failed to respond to gonadotropic 
treatment. Another calf in which the fol- 
icles had been destroyed by electrical cau- 
tery did respond, however. The ovarian 
response to a gonadatropic treatment is 
probably not affected so much by the num- 
ber of follicles visible in the ovary per se 
as it is by some basic condition which has 
produced or maintained those follicles in 
the first place. 

Heme failed to increase the quantitative 
response to unfractionated pituitary ex- 
tracts (ovarian weight) when administered 
to calves or to cows, but the diameter of 
the largest follicles averaged smaller in 
those cows that received both heme and pi- 
tuitary extract than in those that received 
the extract alone. This was not observed 
in calves. 

Unfractionated extracts from beef pitui- 
tary glands gave quantitative responses in 
calves within the range observed from 
treatment with unfractionated extracts of 
sheep pituitary glands. 

Ovulation could be induced in calves 
within a shorter time when treated by sub- 
cutaneous injections of follicle-stimulating 
extract which were followed by an intra- 
venous injection of a luteinizing extract, 
than when treated by subcutaneous injec- 
tions of either follicle-stimulating or an 
unfractionated extract alone. 


The corpora lutea formed as a result of 
gonadotropic treatment in calves appeared 
to persist as morphological structures for 
as much as twenty-three days but disap- 
peared by forty days after the beginning of 
treatment. 


Eggs from artificially matured and ovu- 
lated follicles of calves were fertilizable 
but the fertilization rate was extremely 
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low. Out of 19 eggs recovered from calves 
that had been inseminated, only 2 were fer- 
tilized and a third was questionable. 

The maximum response to gonadotropic 
extract in calves and cows appeared to be 
an increase of approximately sixty-fold in 
ovarian weight. Quantitative responses 
would appear to be much less predictable 
than qualitative results. Corpora lutea 
were produced with more surety than any 
limited range of ovarian size in a standard 
length of time. 

No differences in the weights of ovaries 
produced by similar treatments with pitui- 
tary gonadotropins were detected in cows 
representing different stages of the repro- 
ductive cycle. These stages included early, 
middle, and late pregnancy, postpartum, 
post-quiet ovulation, and the follicular and 
luteal phases of the estrual cycle. 

Neither excessive follicle stimulation nor 
the formation of additional corpora lutea 
gave evidence of producing abortion in 
pregnant cows up to thirty-four days after 
the beginning of treatment. 

Injection of unfractionated sheep pitui- 
tary extracts into cows daily for five to six 
weeks caused the development of excessive 
amounts of abdominal fluids and impair- 
ment of the animal’s health. 


The injection of unfractionated extracts 
during the early or luteal phase of the 
estrual cycle did not produce heat. The next 
anticipated estrus of the natural cycle was 
delayed as a result of this treatment. In 
some, but not all, cases there seemed to be 
interference with the expression of the 
natural estrus when injections were made 
during the latter part of the estrual cycle. 

Estrus appeared to be neither hastened 
nor delayed when cows were treated during 
the early part of the estrual cycle by sub- 
cutaneous injections of a follicle-stimulat- 
ing extract followed by an intravenous in- 
jection of a luteinizing extract. This same 
treatment during the latter part of the 
estrual cycle in some cases appeared to 
interfere with the expression of natural 
estrus. 

The only treatment which appeared to 
accelerate the appearance of estrus was 
with subcutaneous followed by intravenous 
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injections of a purified follicle-stimulating 
extract. 

Cows treated subcutaneously for four 
days with unfractionated extracts produced 
larger follicles than cows similarly treated 
with follicle-stimulating extracts. This 
seemed to be true whether corpora lutea 
resulted from the treatment or not. 

Ovulation resulted fairly consistently in 
cows from subcutaneous followed by in- 
travenous injections either when both types 
of injection were of an unfractionated ex- 
tract or when the subcutaneous injections 
were follicle-stimulating in character and 
the intravenous injections were luteinizing. 
Corpora lutea also were formed in 7 of 9 
cows that were injected both subcutaneous- 
ly and intravenously with follicle-stimulat- 


\ 


ing extracts during the luteal phase of the 
estrual cycle. 

Fertility did not result from insemination 
of cows treated either with unfractionated 
extracts or with follicle-stimulating fo!- 
lowed by luteinizing extracts during the 
early part of the estrual cycle. Likewise, 
evidence of only slight fertility followed b 
early embryonic death was obtained from 
cows treated during the latter part of the 
estrual cycle with unfractionated extracts 
Fertility was obtained during the latter 
part of the estrual cycle when cows were 
treated with follicle-stimulating extracts 
or by follicle-stimulating followed by lutein- 
izing extracts. Even then, there was some 
evidence of early fetal death in cases of 
hyperfecundation. 
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The Disinfection of Baby Chick Shipping Boxes 
with Sodium Silicate Solutions 


ERNEST C. McCULLOCH, D.V.M., Ph.D., STEWART A. FULLER, B.S., 
and LAVON M. KOGER, B.S. 


Pullman, Washington 


\N ACUTE SHORTAGE of the cardboard boxes 
sed for shipping baby chicks now exists 
ind probably will continue for the duration 
f the war. These boxes are being returned 
from the farms to commercial hatcheries 
for repeated use. The sanitary hazard of 
this practice is great because these boxes 
frequently are exposed to possible contami- 
nation by the adult poultry on the farms, as 
well as by the chicks shipped in them. 

As a means of reducing this hazard, a 
practical method of disinfecting these boxes 
was sought, although it is fully recognized 
that no method of disinfection that must 
be carried out at the hatchery, and often 
by inexperienced operators, will make the 
practice of reusing baby chick shipping 
boxes entirely safe. To be of practical 
value, the treatment of the boxes has to be: 

1) Effective against the common poultry 

pathogens, even in the presence of organic 
matter. 

Stable and effective over a wide range of 
conditions. 

Nontoxic to baby chicks subsequently 
shipped in the box. 

Noninjurious to the box. 

Economical, and use only materials that 
are readily available during the present 
emergency. 

Safely and quickly applied by inexperi- 
enced labor, without the use of elaborate 
or expensive equipment. 


Many recognized germicides were in- 
vestigated. The very strong alkalies, the 
apid-acting hypochlorites, and the saponi- 
ied cresols were effective and economical, 
ut had a very deleterious effect upon the 
ox. Preliminary work with common 
‘water glass” gave encouraging results. In 
ddition to this commercial water glass, 
vhich is referred to in the table as “C” 
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brand, and which is nearly a saturated 
aqueous solution of sodium silicate of the 
approximate composition Na,Si,O, with a 
small amount of the more alkaline sodium 
silicates and has a Na,O: SiO, ratio of ap- 
proximately 1 3, the following sodium 

silicate solutions also were investigated: 
Na.O $10. Na.O: 810, 

Branp* % Ratio 
“N” 8.9 28.3 
11.0 31.9 
13.8 33.1 


14.5 9.0 


to te Co 


The pH determinations, table 1, showed 
these solutions to be moderately strong 
alkalies, and to be sufficiently well buffered 
so that moderate dilution and the addition 
of chicken feces had comparatively little in- 
fluence upon the pH values. Because of the 
very high sodium ion error in making elec- 
trometric pH determinations of concen- 
trated sodium silicate solutions, the values 
given in table 1 should be considered as 
only approximate. 

Previous work has shown strong alkalies 
to be very effective against gram-negative 
bacteria! and filtrable viruses,* 5 ° 
moderately effective against gram-positive 


*These products were furnished by the Philadel- 
phia Quartz Company. 


1McCulloch, Ernest C.: The Germicidal Efficiency 
of Sodium Hydroxide. J. Bact., xxv (1933), p. 469. 

2Myers, Robert Page: The Effect of Hydroxyl- 
ion Concentration on the Thermal Death-Rate of 
Bacterium coli, J. Bact. clvi (1928), p. 341. 

®McCulloch, Ernest C., and Costigan, Stella: A 
Comparison of the Efficiency of Phenol, Liquor 
Cresolis, Formaldehyde, Sodium Hypochlorite and 
Sodium Hydroxide against Eberthella typhi at Vari- 
ous Temperatures. J. Infect. Dis., lix (1936), pp 
281-284. 

4Olitsky, P. K., Traum, J., and Schoening, H. W.: 
Report of the Foot-and-Mouth Disease Commission 
of the United States Department of Agriculture. 
U. S. Dept. Agric., Tech. Bul. 76, (1928), p. 57. 

SMcBryde, C. N., Niles, W. B., and Cole, C. C.: 
Experiments to Determine the Effects of Sodium 
Hydroxide and Calcium Hydroxide on the Virus of 
Hog Cholera. J.A.V.M.A., xxii (1931), p. 87. 

®“McCulloch, Ernest C.: Disinfection and Sterilizsz 
tion. Lea & Febiger, Philadelphia, (1936), p. 27 
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nonsporulating organisms,’ less effective 
against bacterial spores,® and relatively in- 
effective against acid-fast organisms.* 
Furthermore, the degree of germicidal effi- 
ciency of strong alkali solutions has been 
shown to be correlated with, if not directly 
proportional to, the degree of alkalinity act- 
ing upon the organisms.' Previous work! 
also has shown pH 11.5 to be sufficient to 
destroy Brucella abortus in the presence of 
broth in ten minutes at 40 C. The same 
concentration of alkali (NaOH) killed in 
approximately the same time at lower tem- 
peratures, and this organism is only slightly 
more susceptible to alkalies than is Salmon- 
ella pullorum. Myers? reported that the 
hydroxyl ion concentration at pH 11.1 was 
sufficient to kill Escherichia coli in ten min- 
utes at temperatures between 25 and 40 C. 
He also found that exposure to pH 10 at 
25 C. decreased a population of 1,510,000 
per ce. of this organism to 25,000 per cc. 
in ten minutes. Tilley and Schaffer*® found 
dilutions of 1:1200 of sodium hydroxide 
killed S. pullorum, Shigella gallinarum and 
Pasteurella avicida in less than ten minutes 
at 25 C. 

The germicidal efficiencies of sodium sili- 
cate solutions were checked in three dif- 
ferent ways: (a) by the standard method 
described by the Food and Drug Adminis- 
tration for the evaluation of disinfectants,° 
using S. pullorum, E. coli recently isolated 
from chick omphalitis,* EF. coli in fresh 
chicken feces, and a recently isolated strain 
of Staphylococcus aureus as test organisms; 
(b) in the presence of substantial amounts 
of chicken feces; (c) under conditions 
paralleling the actual disinfection of chick 
shipping boxes, including tests of the abil- 
ity to disinfect the upper layer of paper of 
these boxes. 


*This culture was furnished by Dr. J. BE. Linden- 
mayer of the Western Washington Experiment 
Station. 

‘McCulloch, Ernest C., and Fuller, Stewart A.: 
The Relative Efficiencies of Disinfectants in Killing 
Erysipelothrix rhusiopathiae. Am. J. Vet. Res., ii 
(1941), pp. 77-83. 

‘Tilley, F. N. W., and Schaffer, J. M.: Germicidal 
efficiency of Sodium Hydroxide, Sodium Carbonate 
and Trisodium Phosphate. J. Agric. Res., xiii 
(1931), 93. 

*Ruehle, G. L. A., and Brewer, C. M.: United 
States Food and Drug Administration Methods of 
Testing Antiseptics and Disinfectants. U. S. Dept. 
Agric., Circ. 198, (1931). 


Tests made by F.D.A. technic® show that 
in the absence of added organic matter, a 10) 
per cent solution of water glass kills S. pu/- 
lorum in less than five minutes, and a 5 per 
cent solution gives variable results in ten 
minutes. Under parallel conditions, a 1 per 
cent solution of phenol usually fails to kil! 
in five minutes, but kills in ten minutes. 
These data, which are presented in table 2, 
indicate that a 10 per cent sodium silicate 


TABLE |.—Approximate pH Values of Sodium Silicate 
Solutions Without and with Added Chicken Feces. 


CONCEN- Wirnovur Appep Frcrs 
TRATION CoMMERCIAL WATER GLASS 

100 11.9 11.6 11.9 12.2 12.3 
50 11.7 11.5 11.8 12.0 12.4 
30 11.6 11.4 11.6 11.8 12.2 
10 11.0 11.15 11.35 11.6 11.9 

With 10% Cuicken Feces Appep 

100 11.5 11.4 11.7 
50 11.4 11.5 12.0) 
30 11.3 11.4 11.8 
10 11.0 11.1 11.55 


These values have been approximately corrected 
for sodium ion error.“ The nature of sodium sili- 
cate solutions makes exact pH measurement diff 
eult. 


solution is more effective and a 5 per cent 
solution is slightly less effective than is a 
1 per cent phenol solution. These data indi- 
cate the phenol coefficient of sodium silicate 
solutions to be between 0.1 and 0.2. 

Because the practicability of sodium sili- 
cate disinfection of chick shipping boxes 
depends upon the destruction of pathogens 
in the presence of fecal material, tests were 
made after the culture had been mixed with 
suspensions of chicken feces. The feces- 
culture mixtures were made by adding suf- 
ficient tap water to 25 Gm. fresh chicken 
feces to make 100 cc. This was autoclaved 
and when cool, 25 ce. of a 24-hour broth 
culture of S. pullorum was added. The data 
presented in table 3 show that when this 
suspension was added to an equal amoun! 
of 20 per cent sodium silicate, S. pullorum | 
killed in five, but not in two minutes. Whe 
1 part of this suspension was added to 
3 parts of 6.6 per cent sodium silicate, * 
pullorum survived two hours, but was kill 
by twenty-four hours exposure. 

Further tests were made using E. coli a 
a test organism because extensive resear< 
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established this to be one of the more 
stant gram-negative organisms. It oc- 
in tremendous numbers in chicken 
feces, thus giving a natural source of in- 
fected material, and reliable techniques have 
heen worked out for the isolation and identi- 
feation of this organism from contaminated 
material. Comparisons of tables 2, 3, and 
t show E. coli is at least as resistant to 
sodium silicate as is S. pullorum. 

[wenty per cent solutions of sodium sili- 
cate were poured over one-fourth their bulk 
of fresh chicken feces in a petri dish and 
Jlowed to stand at room temperature. Sub- 
cultures were made into lactose broth at 
intervals of five minutes to forty-eight 
hours. Even exposure to the sodium silicate 
for forty-eight hours failed to kill the spores 
of gram-positive bacilli; however, subcul- 
tures into brilliant green lactose bile broth 
showed that E. coli did not survive longer 
than thirty minutes. 

Staph. aureus also was used in a series of 
tests because this organism is known to be 
more resistant to alkalies than any poultry 
pathogen except Mycobacterium avium. 
The data presented in table 5 show that 
only brand “D,” the most highly alkaline 
sodium silicate, killed Staph. aureus in less 
than two hours in a 25 per cent solution, al- 
though the less alkaline commercial water 
vlass “C,” and the sodium silicate “K” 
killed in 24 hours. Plate count technique in- 
licated that pure “K” brand sodium silicate, 
at 20 C. reduced an original Staph. aureus 

pulation of 530,000,000 per cc. to approxi- 
mately 6,000,000 in ten minutes. Instead of 

mtinuing this rate of kill, which ap- 
roached 99 per cent during each ten min- 
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ute interval and which would have left 
approximately 1 survivor per cc. at the end 
of fifty minutes, the rate of killed declined 
to approximately 99 per cent each twenty- 


TABLE 2.—Germicidal Efficiency of Sodium Silicate 


(Water Glass) Solutions Against Salmonella pullorum 


at 20 C. 
DILv- MINUTES EXPOSURE TO 


60 120 


+ 


No growth in subculture, indicating organisms 
killed. 


Growth in subculture, 
isms present. 


indicating viable organ- 


Results variable in different trials 


different strains. 


and with 


These are the dilutions of the commercial water 

glass solutions. 
minute period and at the end of thirty 
minutes, approximately 55,000 organisms 
remained viable. 

Approximately thirty minutes were re- 
quired for the next 99 per cent reduction in 
the number of survivors, the plate count 
being 450 at the end of sixty minutes expo- 
sure. Plates containing 0.1 and 1 cc. of the 
solution showed no growth after 120 min- 
utes exposure. The medium used for plating 
was proteose tryptone agar to which 1 per 
cent lactose, brom cresol purple to tint, and 
sufficient citric acid had been added to give 
a final pH value of between 6.5 and 7.0 after 
the sodium silicate solution had been added. 
Such a medium should prevent the con- 
tinued action of the sodium silicate solu- 
tion upon the organisms. 


TABLE 3.—Germicidal Efficiencies of Sodium Silicate (Water Glass) Solutions Against Salmonella pullorum 
in the Presence of Chicken Feces at 20 C. 


‘ULTURE IN 
20% 
WATER 
SPENSION GLASS 
CHICKEN SOLUTION WATER 


EXPOSURE 


1 MIN. 2 MIN. 


10 MIN. 


5 MIN. 30 M IN. 60 MIN. 24 


he 


*Four parts 25% (W/V) suspension of chicken 
ith culture of S. pullorum. 


feces, autoclaved, and cooled and 1 part 24-hour 
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7 rion*® WATER GLASS BEFORE SUBCULTURE WAS MADE 
Te 
te 10 + + 
5 + + + + 
4 4 
( OX. co. 
2.5 7.5 0 + + 
5 0 4. 
2.5 25 5 ‘Bs A 4 
75 2.5 0 + 4 1, 4 4 
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TABLE 4.—Germicidal Efficiency of Sodium Silicate 
(Water Glass) Solutions Against Escherichiacoli 


at 20 C. 

cae TIME IN MINUTES 

= > 

WITHOUT FECES 10% FECES ADDED* 

25 + 
20 + + a 
15 + - 
10 
1 + + + + 


7 *One Gm. chicken feces added to 10 ec. sodium 
silicate solution used in test. 

THE DISINFECTION OF CONTAMINATED 
CARDBOARD 


Five Gm. of fresh chicken feces were 
smeared on each 100 square centimeters of 
cardboard. These were allowed to dry for 
twenty-four hours and then painted with 
sodium silicate solutions of various concen- 
trations. After twenty-four hours, approxi- 
mately 0.1 Gm. amounts of these feces were 
removed by means of a sterile spatula and 
transferred to fermentation tubes of lactose 
broth. From all tubes showing the presence 
of gas after twenty-four hours incubation, 
transfers were made into brilliant green 
lactose bile broth and then, if growth 
occurred, Levine’s eosin methylene blue 
agar plates were streaked. As shown in 
table 6, concentrations approximating equal 
parts of water and the sodium silicate solu- 
tions as sold commercially were the most 
efficacious, probably because the viscosity 
of the less dilute preparations prevented 
them from coming in contact with all of the 
feces. Very dilute products were not suffi- 
ciently well buffered to maintain a germi- 
cidal hydroxyl ion concentration in the 
presence of the large amount of feces. 


Similar experiments, in which feces were 
dried on cardboard, partially removed by 
scraping, the surface painted, and then the 
underlying cardboard removed and cul- 
tured, gave almost parallel results. When 
previously contaminated and treated boxes 


were again contaminated and treated, ‘he 
results were even more favorable. 

Sodium Silicate-Treated Boxes Nonin- 
jurious to Chicks.—A chick shipping box 
was heavily treated with sodium silicate 
and sent to Western Washington, where 
baby chicks were placed in the box, but the 
customary padding was omitted, thus bring- 
ing the feet of the chicks directly in con- 
tact with the treated surfaces. The chicks 
were shipped to Eastern Washington and 
kept in the box until they had spent a total 
of seventy-two hours. The feet were not 
injured. 


TABLE 5.—Germicidal Efficiencies of Water Glass 
(Sodium Silicate) Solutions Against Staphylococcus 
aureus 20 C. 


MINUTES EXPOSURE TO WATER GLASS 
BEFORE SUBCULTURE WAS MADI 


‘ 

100 — — 

50 + - - 

25 + + ~ 

12.5 + + + + + 

100 

50 |. wet 

25 + 4. 4. 

12.5 + + + 

100 - 


+ 
125 + + + + 


* These are the dilutions of the commercial : 
dium silicate solutions. The pH values of the 
solutions are given in table 1. 

— No growth in subculture, indicating organisms 

killed. 

Growth in subculture, indicating viable organ- 

isms present. 

+ Results variable in different trials and with 
different strains. 

Effect of Solutions of Sodium Silicate on 
Strength of Corrugated Fiberboard 
Samples of fiberboard 22’x2” were cut from 
chick shipping boxes and the inner svr- 
faces treated with a series of dilutions of 
commercial brand of sodium silicate, “ 
The samples were permitted to dry twen y- 
four hours and then tested by the technic e 
of the transverse beam test described »y 
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McCready and Katz.!! This method consists 
a load supplied by a saddle in the center 
the sample which is supported near its 
ds by horizontal rods. 

The treated samples displayed a marked 
erease in strength over untreated ma- 
rial, ranging from an increase of 3.5 per 
ent for a sample treated with a 20 per cent 
lution, to an increase of 44.5 per cent for 
imples treated with a 100 per cent solution 
f sodium silicate. In addition, the treated 
amples were more resilient and less brittle 
than the untreated fiberboard. 


INCREASE IN 
STRENGTH 


LOAD AT 
RUPTURE 


SopiuM SILICATE 
SOLUTIONS 


% 
100 
80 
60 
40 


20 


GM 
935 
842 
840 
713 
670 


Controls 647 


SUMMARY 


Commercial water glass solutions (mix- 
tures of Na,Si,O, with more alkaline 
sodium silicates), containing from 8.9 per 


“Beckman : National Technical Laboratories, 
uth Pasadena, Calif., Bul. 95, (1941). 

iMcCready, D. W., and Katz, D. L.: A Study of 
Corrugated Fiberboard. The Effect of Adhesive on 
the Strength of Corrugated Board. Engineering 
‘esearch Bul. 28, (1939), pp. 5-9. 


TABLE 6.—Efficiency of Sodium Silicate Solutions in 
Disinfecting Cardboard Boxes Contaminated with 
Feces. 


SUBCULTURES NBGATIVE FOR E, coli 
Triax I* II** 
Cc N Cc N 


50 
87 
100 
100 
100 


%o %o 
90 10 
100 100 
100 100 
100 100 
100 100 


100 
80 
60 
40 
20 


24 hours exposure at room temperature. 
*Feces removed before disinfecting. 
**Feces not removed before disinfecting. 


cent Na,O and 28.3 per cent SiO, to 14.5 
per cent Na,O and 29 per cent SiO,, are 
effective germicides against gram-negative 
organisms. The phenol coefficient of these 
solutions is between 0.1 and 0.2, the more 
alkaline mixtures being more actively 
germicidal. 

Painting baby chick shipping boxes, be- 
tween each reuse and after rough scraping 
to remove most of the accumulated feces, 
with equal parts of commercial water glass 
solution and water is recommended where 
the boxes must be reused because of present 
shortages. When carefully done, this treat- 
ment will kill the more common poultry 
pathogens, except Mycobacterium tuber- 
culosis, does not weaken cardboard boxes, 
and is not injurious to baby chicks shipped 
in treated boxes. 
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The Effect of Brucella Abortus on the Bovine Udder 


and Its Secretion 


A, C. EMMINGER, D.V.M., M.S., and O. W. SCHALM, D.V.M., Ph.D. 
Berkeley, California 


SCHROEDER AND COTTON! and Smith and 
Fabyan,” in 1911, reported that cows in- 
fected with Brucella abortus may shed this 
organism in their milk. Henry Haring, 
and Traum® isolated Br. abortus from the 
milk in 93.6 per cent of the tests on cows 
having blood titers of 1:200 or over, and 
Bang and Bendixen‘ found an 85 per cent 
correlation between blood titers of 1 : 100 
and over and the elimination of Br. abortus 
in the milk. The effect of this pathogen 
on the mammary gland and its secretion has 
received only limited attention from inves- 
tigators, and, therefore, when the opportu- 
nity presented itself to study the udders of 
cows in a brucellosis project at this Station, 
the work reported in this paper was under- 
taken. 


METHODS 


The udders of 5 normal control cows and of 
6 infected with Br. abortus were used in this 
study. Infection was accomplished in 1 cow 
through association with infected animals and 
in 5 cows by instillation of 0.1 cc. of a heavy 
suspension of virulent Br. abortus into each 
eye. Thke course of the infection was followed 
by repeated agglutination tests on blood serum 
and whey, by direct cultures on cooked blood 
agar containing 1 : 200,000 dilution of gentian 
violet, of dry udder contents or cream and 
sediment, and by the inoculation of guinea pigs 
with dry udder contents, colostrum, suspen- 


From the Veterinary Science Division, University 
of California, Berkeley, in cotéperation with the 
Bureau of Animal Industry, U. S. Department of 
Agriculture. 

ISchroeder, E. C., and Cotton, W. E.: The Ba- 
cillus of Infectious Abortion Found in Milk. 
Twenty-eighth Ann. Rept., U. S. Dept. Agric., Bu- 
reau Anim. Indust., (1911), p. 139. 

“Smith, T., and Fabyan, M.: Ueber die pathogene 
Wirkung des Bacillus abortus Bang. Centralbl. f. 
Bakt., Abt. I. Orig., Bd. 61 (1911-1912), S. 549. 

3Henry, B. S., Haring, C. M., and Traum, J.: 
Br. abortus Shedder Condition in Twenty Cows. 
Hilgardia, 9 (1935), p. 545. 

4‘Bang, O., and Bendixen, H. C.: Untersuchungen 
liber latent Euterinfektionen beim Rind, hervorgeru- 
fen durch Abortusbakterien. Zeitschr. Infektions- 
krankh, u. Hyg. Haustiere. Bd. 42 (1932), S. 81; 
abstr. in Biol. Abstr., (1933), No. 16187). 


sions of placental and fetal tissues, and cream 
and sediment for the isolation of Br. abortus. 

Tests for Mastitis.—After abortion or norma] 
calving, the cows were milked by hand twic 
daily. The secretion of each quarter was 
tested, usually at weekly intervals, by means 
of the strip cup, the brom-cresol-purple pH, and 
the chlorine tests, and by the leucocyte count 
The milked-out udder was palpated for evi- 
dence of fibrosis. Milk samples from the indi- 
vidual quarters were plated, in dilutions of 
1:10 and 1: 100, in veal infusion agar con- 
taining 5 per cent of fresh horse blood. After 
incubation at 37 C. for forty-eight hours, the 
plates were examined for streptococci, staphy- 
lococci, and other bacteria. A microscopic test 
for streptococci was also made on each sample 
using stained smears of incubated milk. 

Gross and Microscopic Examination of the 
Mammary Tissue—At the termination of the 
experiment, each cow was slaughtered and its 
udder was removed and preserved for study 
according to the method described by Schalm 
and Haring. This consisted of filling the duct 
and vascular systems with 20 per cent formalin, 
followed by storing the entire udder in 10 per 
cent formalin. After fixation was complete, 
each quarter was sliced serially, at a thickness 
of 3 to 4 mm., in a mechanical meat slicer 
A careful examination for gross lesions was 
then made and blocks of tissue were removed 
for microscopic study. 

Hematoxylin-eosin was used routinely in 
staining the tissues and when histopathologica! 
changes were found, further sections were cut 
and special stains were employed, such as iron 
hematoxylin-aniline-blue and Van _  Geison’s 
stains for connective tissue, Verhoeff’s stain 
for elastic tissue, silver-gold impregnation for 
reticulum, and Giemsa’s, Jenner-Giemsa’s 
Unna-Pappenheim’s, Loeffler’s methylene-blue 
and Mallory’s phloxine-methylene-blue stain: 
for bacteria. 


Cow HISTORIES 

The 5 normal control cows were 137, 197 
227, 237, and 245. Cows 137, 237, and 245 
were first-calf heifers, while 197 and 227 
were second-calf animals. All carried thei: 


5Schalm, O. W., and Haring, C. M.: A Metho 
of Preparing Bovine Udders for the Study of th 
Pathology of Mastitis. J.A.V.M.A., 9} (1939), 1 
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calves to term and were free from infec- 
tion with pathogenic organisms. Cow 245 
was dried off after nine weeks of lactation, 
to provide a normal nonfunctioning udder 
for comparison with the dry infected udder. 

The 6 cows infected with Br. abortus 
were 192, 204, 210, 215, 246, and 255. Much 
of the data regarding the course of the in- 
fection in each cow is presented in table 1. 
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After abortion, Br. abortus was isolated 
from the placenta and fetal tissues, as well 
as from the colostrum of each quarter. 
This animal was not milked; therefore, its 
udder reverted to the dry state within a 
few weeks. 

Cow 204.—This animal was free from 
infection with Br. abortus during her first 
pregnancy and lactation. She was milked 


Further history on each animal is as fol- regularly by hand for nine months, and the 
lows: secretion from the individual quarters was 
Cow 192.—Ten days after exposure to examined once a week by means of the vari- 
Br. abortus by conjunctival infection, the ous milk tests. Her udder was normal in 
blood titer had changed from negative to every respect, except that the average 
a complete agglutination in a dilution of chlorine content of the milk from each quar- 
|: 400, and it remained at or above this’ ter exceeded 0.15 per cent, which is con- 
level until the animal was slaughtered. sidered by some investigators to be the 
TABLE |.—Data on the Course of the Experimental Infections with Brucella Abortus. 
No. Days 
BETWEEN 
No. DaYs OF EXPOSURE 
GESTATION To INFECTION - RESULTS OF TRIALS 
WHEN AND S24 To* ISOLATE 
RF* 100 34 2 1 4 6 
04 2 Contact 198 253 46 180 125 RR 134 2 3 0 7 3 
LF 134 2 2 1 6 4 
LR 125 2 2 1 6 4 
RF 131 27 2 4 7 
Colostrum 
215 1 Eye 200 245 45 205 160 RR only 160 1 2 1 11 
LF 158 2 1 2 5 11 
LR 158 
Colostrum 
246 1 Eye 188 203 15 199 175 RF only 175 0 4 1 S 
Colostrum 
RR only 175 1 3 1 8 
LR 68 107 2 2 1 Ss 
55 1 Eye 154 229 17 323 247 LR 292 1 5 0 21 10 
192 1 Eye 212 250 21 356 Drycow RR 324 5 2 0 8 3 
LF 324 5 2 0 8 3 
LR 324 5 2 0 8 3 
*RF = right front; RR = right rear; LF left front; LR = left rear. 
‘Vaccinated when 9 months old, using 20 cc. of culture 19. 
“Eye = 0.1 cc. of virulent Br. abortus suspension dropped into each eye. 
°G.P. = Guinea pig. G.V.C.B.A. = 1:200,000 dilution of gentian violet in cooked blood agar. 
. 
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maximum level for normal milk. During 
her second pregnancy, she was placed 
in contact with cows infected with Br. 
On the twenty-seventh day of 
contact exposure, her blood titer was 1 : 50; 
from the thirty-first to the forty-eighth 
day, it was 1:200, and thereafter it was 
1:400 or above until the animal was 
slaughtered. After abortion, Br. abortus 
was recovered from the placenta and from 
the colostrum of each quarter. 


abortus. 


TABLE 2.—Reactions to the Various Milk Tests of Milk 


A. C. EMMINGER AND O. W. SCHALM 
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placenta was not found, but Br. aborius 
was recovered from vaginal swabs and from 
the colostrum of the left rear quarter. It 
was not isolated again from this quarter, 

Cow 215.—On the eleventh day after 
exposure to Br. abortus, the blood titer was 
1:25; from the fifteenth to the thirty- 
sixth day, it was 1: 100, and thereafter it 
fluctuated between 1:200 and 1:400 un- 
til the animal was slaughtered. After abor- 
tion, Br. abortus was recovered from the 


Tests from Quarters Infected with Brucella Abortus. 


2 = = = PERCENTAGE OF LEUCOCYTE COUNT AVERAGE 
£2 Min. Max. Aver. Min. Max. Aver. Count 
204 2 17 Fifth RR N N 0.143 0.191 0.165 15 67 44 230 

LF N N 0.142 0.188 0.168 22 232 ~=669 180 
LR Y N 0.141 0.191 0.169 22 60 36 700 
210 1 10 Fifth LR N N_ 0.089 0.116 0102 30 90 54 110 
215 1 11 Sixth RR N N 0.092 0.138 0.113 22 97 48 50 
LF N N 0.091 0.145 0.109 15 45 30 110 
LR N N 0.088 0.132 0.109 7 82 34 90 
“RF 0.075 0110 0.090 22 97 62 50 
246 1 12 Sixth RR N N 0.077 0.106 0.098 22 150 3867 40 
LF N N_ 0.072 0.116 0.090 30 82 56 30 
LR N N _ 0.077 0.110 0.089 15 127 45 90 
255 1 24 N 0.117 0.167 0.143 22 147 560 
~ LR N N 0.119 0.180 0.147 30 210 91 

*RE right front; RR right rear; LF = left front; LR = left rear. 


IN Normal. 


Cow 210—-When 9 months old, this an- 
imal was vaccinated, subcutaneously, with 
20 cc. of Br. abortus culture 19. Twenty- 
three months later, or on the 216th day of 
gestation, it was exposed to a heavy infec- 
tion with virulent Br. abortus. It gave 
birth to a weak calf on the 278th day of 
pregnancy. From the eleventh to the thirty- 
third day after exposure to infection, the 
blood titer was 1:25; from the thirty- 
seventh to the fifty-seventh day, it was 
1:50; on the sixty-fourth day, it was 
1: 100, and after the eighty-fourth day and 
until slaughter it was 1: 400 or over. The 


placenta, fetal tissues, and from the colos- 
trum of each quarter. 

Cow 246.—On the eighth day after ex- 
posure to Br. abortus, the blood titer of 
this animal was 1: 50; on the eleventh day, 
it was 1:200; and from the fifteenth day 
to slaughter, it was 1: 400 or above. Br. 
abortus was recovered from the placenta, 
the fetal tissues, and from the colostrum of 
each quarter. 

Cow 255.—On the eighth day after ex 
posure to Br. abortus, the blood titer showe 
a partial agglutination in 1:25 and 
trace in 1:50. From the eleventh da) 


| 
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il the animal was slaughtered, however, 
vas 1:400 or above. When aborted, the 
is was enclosed in the placenta, and it 
s apparent that it had been dead for 
ne time. Br. abortus was recovered from 


Fig. 2.—Same lesion 
as fig. 1, showing 
exudate in an alveo- 
lar lumen. Note 
pycnotic neutrophiles 
and desquamated 
epithelial cells. x350. 


the placenta, the fetal tissues, and from the 
olostrum of each quarter. All quarters 
emained infected with Br. abortus through- 
ut the period of study; but, in the third 
month of lactation, the right front and 
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right rear quarters became infected with 
staphylococci, which caused a mild clinical 
mastitis. To avoid confusion, the data on 
these two quarters have not been included 
in the tables. 


Fig. |.—Fatty de- 
generation of the 
alveolar epithelium 
and exudation of 
neutrophiles into the 
alveolar lumen. Right 
front quarter of cow 
204. x72. 


The Effect of Br. abortus Infection in 
the Udder on the Quality of the Milk.— 


The milk from the udders infected with 
Br. abortus was examined, usually at 
weekly intervals, by means of the various 
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tests previously mentioned. To provide a 
basis for comparison, identical analyses 
were made on the milk from 6 normal ud- 
ders. The results are presented in tables 
2 and 3. 

From the tables, it can be seen that nor- 
mal milk and that from the Br. abortus 
infected quarters did not differ signifi- 
cantly. In obtaining an average of all tests 
on both the normal and the infected quar- 
ters, the chlorine content of infected milk 
was found to average 0.125 per cent, as 
compared with 0.133 per cent for the nor- 
mal product; the average number of leu- 
cocytes per cc. of infected milk was 53,000, 
as compared with 82,000 in the normal milk, 
and the average count of udder saprophytes 
was 250 per cc. in the milk from Br. abortus 


infected quarters, as compared with 640 
per cc. in the normal product. 

Cow 204 was among the normal animals 
during her first lactation and in the in- 
fected group during her second period. <A 
comparison of her data before and after 
infection with Br. abortus shows that no 
significant changes took place in the quality 
of the milk as a result of the infection. 

Palpation of the udders for indurations 
did not reveal any significant differences 
between normal quarters and those infected 
with Br. abortus. The udder of cow 204 
appeared to be sensitive to deep palpation 
when infected with Br. abortus, a condition 
which was not noticed during her first 
lactation period when not infected. 


TABLE 3.—Reaction to the Various Milk Tests of Milk From Normal Udders. _ 


Bare n Min. Max. Aver. Min. Max. Aver. Count 
137 1 #+7 ~~ Third RR N N_ 0,122 0.149 0.136 22 75 50 250 
LF N N_ 0125 0157 0.140 15 67 = 37 100 
LR N N_ 0.131 0155 0.143 30 82 50 200 
RF 0101 0.123 0114 15 345 114 1,400 
197 2 7 ‘Third RR N N_ 0110 0.129 0116 7 £452 28 100 
LF N N_ 0.108 0.136 0.116 7 435 24 800 
LR N N_ 0105 0.137 0114 22 37 26 100 
RR N 0.141 0.184 0.162 0 180 46 760 
LF N N_ 0143 0.185 0.161 0 285 45 175 
LR N N_ 0.149 0.186 0.167 0 247 57 150 
RF N N 0118 0.157 0.136 0 405 140 900 
227 2 26 Sixth RR N N 0.113 0.150 0.137 420 138 1,700 
LF N N_ 0.090 0.150 0.136 0 270 114 1,200 
LR N N_ 0.114 0.150 0.136 0 450 136 1,300 
“RF N N 0122 0.156 0.137 15 225 145 580 
237 +1 28 Seventh RR N N_ 0.123 0.152 0.135 15 210 130 390 
LF N N 0121 0.151 0.132 90 345 145 750 
LR N N _ 0.120 0.162 0139 0 405 152 1,060 
RF N 0.080 0.123 0.105 22 169 95 1,600 
245 1 9 Dry? RR N N__ 0.089 0.145 0.118 37 127. 67 120 
LF N N__ 0.087 0.124 0106 15 32 20 100 
LR N N_ 0.088 0.120 0.108 22 120 70 250 

*RF = right front; RR = right rear; LF left front; LR = left rear. 


1Cow 204 kept for infection with Br. abortus during second pregnancy. 
2Cow 245 dried off after nine weeks of lactation; slaughtered three months later. 


= Normal. 
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lofstad,® in a study on 6 cows, arrived 
the conclusion that Br. abortus is capa- 
of altering the secretion of infected 
iers, but he found that when the number 
organisms shed in the milk was low, 


Fig. 4.— Interstitial 
lesion, showing a 
dense infiltration of 
lymphocytes and 
plasma cells. Left 
rear quarter of cow 


255. x72. 


hanges in the secretion were slight or 
absent. Bryan and Meyer? found that Br. 


*“Hofstad, M. S.: The Changes Produced by Br. 
abortus in the Milk and Udder of Cows Infected 
vith Bang’s Disease. Cornell Vet., 32 (1942), p. 
289. 

"Bryan, C. S., and Meyer, D. B.: The Effect of 
Brucella abortus Infection of the Udder on the 
J.A.V.M.A., 89 (1936), p. 199. 
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abortus may cause a low grade mastitis, 
but the milk from the majority of the in- 
fected cows studied compared favorably 
with the normal product. Prouty’ discov- 
ered no significant differences in the leu- 


Fig. 3.—Fatty de- 
generation of the 
alveolar epithelium 
and exudation of 
neutrophiles i n t o 
both the alveolar 
lumen and adjacent 
interstitial tissue. 
Right front quarter 
of cow 204. x72. 


cocyte count of milk from Br. abortus in- 
fected and normal quarters, the average 
being 145,000 and 185,000 per cc, respec- 
tively. Both Tweed® and Cooledge,'® how- 

8Prouty, C. C.: Studies on the Leucocyte Con- 


tent of Milk Drawn from Br. abortus Infected Ud- 
ders. J. Bact., 27 (1934), p. 293. 
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ever, reported that the leucocyte count of 
milk infected with Br. abortus was consid- 
erably higher than that of normal milk. 
Minett and Martin,'' in a study of 193 
lactations in 130 Holstein-Fresians, ob- 
served a reduction in corrected milk yield 
of 20.7 per cent, which they attributed to 
Br. abortus infection. 

Gross and Microscopic Pathology in Br. 
abortus Infected Udders.—The method used 
in this study of preparing serial slices of 
the entire udder made it possible to examine 
every portion of the parenchyma for macro- 
scopic lesions. A careful study of both nor- 
mal and infected quarters failed to reveal 
differences which could be interpreted as 
gross lesions produced by Br. abortus. 
Giltner, Huddleson, and Tweed'? expressed 
the view that, since the number of Br. 
abortus organisms in milk is small, the 
possibility of finding lesions is remote, and 
they cited the work of Friedemann,'* who 
found neither gross nor microscopic lesions 
in the udder of 1 infected cow. Runnels and 
Huddleson'* and Schroeder'” also failed to 
find macroscopic lesions in Br. abortus in- 
fected udders, while Ridala'® and Pedersen 
and Bass'* observed what they considered 
to be gross lesions of brucellosis in the 
udder. 

Since macroscopic changes were not 


"Tweed, R. L.: Relation of High Cellular Counts 
to Bact. abortus Infection of the Udders. Mich. 
Agr. Exp. Sta., Tech. Bul. 61, (1923). 

WCooledge, L. H.: Studies upon the Bacterial 
Flora of Milk with High Cellular Counts as Drawn 
from Apparently Normal Udders. Mich. Agr. Expt. 
Sta., Tech. Bul. 41, (1918). 


"Minett, F. C., and Martin, J. W.: The Influ- 
ence of Mastitis and Br. abortus Infection upon the 
Milk Yield of Cows. J. Dairy Res., 7 (1936), p. 


2Giltner, W., Huddleson, I. F., and Tweed, R. L.: 
The RO6le of the Udder and its Secretion in Bovine 
Infectious Abortion. J.A.V.M.A., 62 (1922), p. 172. 

MEriedemann, O. H.: A Study of a Bact. abortus 
Infected Udder. Thesis, Mich. Agr. College, (1922). 

“Runnels, R. A., and Huddleson, l. F.: The Na- 
ture of Bact. abortus Infection in the Udder of the 
Bovine. Cornell Vet., 75 (1925), p. 376. 


“Schoeder, E. C.: Milk as a Carrier of Infec- 
tion. Proc. Am, Assoc, Med, Milk Comm., (1911), 
p. 131. 

“Ridala, V.: Inquiries into the Pathogenic Ef- 


fects Produced by Br. abortus in the Udder and 
Certain Other Organs of the Cow. Universitatis 
Tartuensis (Dorpatensis), Acta el Commentationes, 
31 (1937), p. 1. 


wPedersen, H. O., and Bass, E.: |. Histologische 
Untersuchungen tiber das normale und iiber das 
infizierte Euter von Fiarsen. Miinch. tier. 


Wehnschr., Bd. 86 (1935), S. 301. 


found by us, blocks of tissue, approximately 
1 cm. square, were removed from each quar- 
ter for sectioning according to a uniform 
plan. The serial slices were segregated into 
groups representing the anterior, middle, 
and posterior thirds of the quarter and, 
from each group, blocks of tissue were taken 
from the ventral, middle, and dorsal por- 
tions of the parenchyma. The tissues were 
prepared for sectioning in the usual manner 
and stained as previously described. 

Definite histopathological changes were 
found in 17 of the 19 Br. abortus infected 
quarters. The 2 quarters that failed to 
show microscopic lesions had shed Br. 
abortus in the colostrum only, 175 days 
prior to slaughter of the animal. Hall- 
mann, Sholl, and Delez,'!* Sholl and Torry," 
Sholl,*° Pedersen and Bass,'? Runnels and 
Huddleson,'* Ridala'® and Hofstadt® have 
described histopathological changes in Br. 
abortus infected udders. 

The microscopic changes observed in the 
Br. abortus infected quarters in this study 
were focal in character and were found pri- 
marily in the interstitial tissues, although 
foci affecting the alveoli were the principal 
lesions in the right front, right rear, and 
left front quarters of cow 204 and the left 
rear quarter of cow 210. 

The alveolar lesion consisted of an exuda- 
tion into the lumen of neutrophiles, some 
of which were in various stages of pycnosis, 
and a definite series could be established 
to follow their disintegration (fig. 1 and 2). 
Often the epithelium contained an excessive 
amount of fat and showed a tendency to- 
ward desquamation so that some epithelial 
cells occurred in the exudate. A local hy- 
peremia was seen at times and infrequently 
extravasated erythrocytes appeared in the 
alveolar lumen; the adjacent interstitial 
tissue occasionally showed a variable infil- 
tration by neutrophiles (fig. 3). 

In the majority of the Br. abortus in- 

Hallman, E. T., Sholl, L. B., and Delez, A. ! 
Observations on the Pathology of Bacterium ab: 
tus Infections. Mich. Agr. Exp. Sta., Tech. Bul. 
(1928). 

~Sholl, L. B., and Torry, J. P.: Contribution 
the Bacteriology and Pathology of the Bov 
Udder. Mich. Agr. Exp. Sta. Tech. Bul, 110, (193! 

*Sholl, L. B.: Some Observations on the Pat 


ology of Br. abortus Infected Udders of Heife 
Cornell Vet., 25 (1935), p. 354. 
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ed quarters, the most common change nounced, erosion of the epithelium resulted. 
an exudation of neutrophiles, lympho- Usually, however, the inflammatory process 
s, and plasma cells into the subepithelial remained confined to the interstitial tissues 
interalveolar tissues. The neutrophiles and there was no evidence of injury to the 
iominated but rarely, for, as a rule, the epithelium. Proliferation of the support- 
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Fig. 6.— Interstitial 
lesion, showing lym- 
phocytes, plasma 
cells, epithelioid 
cells, and a _ giant 
cell. Right rear quar- 
ter of cow 192. x180. 


flammatory focus consisted of a dense ing connective tissue elements occurred in 
cumulation of lymphocytes and plasma the larger foci (fig. 5). Epithelioid and 
lls (fig. 4). In a few instances, the also giant cells were found in some of the 
<uded cells were observed to be filtering interstitial lesions in the left rear quarter 
‘tween the epithelial cells lining an al- of cow 215, in the left front and left rear 
.olus, and when this condition became pro- quarters cf cow 255, and in the right rear, 
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left front, and left rear quarters of cow 192 
(fig. 6). Jaffé?! has stated that the histo- 
pathological changes in guinea pigs experi- 
mentally infected with Br. abortus and 
Brucella melitensis are similar to those of 
experimental tuberculosis, and he reported 
finding giant cells in the spleen lesions. 
Approximately, 70 per cent of the section 
from the Br. abortus infected quarters con- 
tained microscopic changes, and they oc- 
curred in all portions of the parenchyma. 


Ls 


rather than to the actual occurrence of a 
greater number of lesions in the dry gland. 
The damage to the secretory tissue was 
relatively small, which perhaps explains why 
the milk was not abnormal. 
Histopathological changes were also ob- 
served in the supramammary lymph nodes 
of some of the infected udders. They were 
characterized by a variable degree of in- 
filtration of neutrophiles into both the cor- 
tex and the medulla, which was sometimes 


Fig. 7.—Left supramammary lymph node, showing three giant cells in the medullary 
cords. Cow 215. 272. 


Each inflammatory focus was, as a rule, 
limited to the involvement of a few alveoli, 
although infrequently a more extensive area 
was affected. The inflammatory foci were 
usually so widely separated that more than 
two lesions were seldom observed in a sin- 
gle section of 1 cm.* of parenchyma. These 
foci were found with greater frequency in 
the dry quarters than in the lactating, 
which probably can be attributed to the 
concentration of the interstitial tissue 
(which contains most of the inflammatory 
foci) during involution of the parenchyma 


*“Jaffé, R. H.: Uber die experimentelle Infektion 
des Meerschweinchen mit dem Bacillus melitensis 
dem Bacillus abortus. Virchow's Arch., Bd. 238 
(1922), S. 119. (Cited by Poppe, K.: Kolle und 
Wassermann: Handbuch der pathogenen Mikro- 
dSrganismen, 3rd ed., 6 (1929), p. 693.) 


associated with hyperemia and hemorrhage. 
In some sections, epithelioid cells and giant 
cells were found (fig. 7). 

A special effort was made to stain Br. 
abortus in the tissues. Faintly stained 
bodies resembling this organism were seen 
in some of the inflammatory foci when 
Giemsa’s and Mallory’s phloxine-methyl- 
ene-blue stains were used. These bodies 
did not stain intensely and thus could not 
be photographed. Similar structures were 
not found in the sections of normal udder 
tissue. 


SUMMARY 


The quality of the milk from Bruce/la 
abortus infected quarters was not signi- 
ficantly different from the normal product. 
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‘isible particles were not observed in the 
milk, and the pH, chloride content, leu- 
and saprophytic bacterial 
nt were well within normal limits. 


te count, 


\ careful examination of the entire par- 
hyma of each infected quarter failed to 
eal gross lesions. Histopathological 
hanges were observed, however, in 17 out 
f 19 quarters that had harbored Br. abor- 
for periods varying from sixteen to 
These consisted of an exudation 
f neutrophiles into the alveolar lumen, as- 
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sociated with fatty degeneration of the al- 
veolar epithelium with a tendency toward 
desquamation of epithelial cells. More com- 
monly, however, the microscopic pathology 
was characterized by a dense accumulation 
of lymphocytes and plasma cells in the in- 
teralveolar tissues. Epithelioid cells and 
giant cells were found in some instances. 
In the larger inflammatory foci, prolifera- 
tion of the connective tissue elements 
occurred. In some instances, the supramam- 
mary lymph nodes also contained histo- 
pathological changes. 
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Demonstration of Serological Types Within the Nonhemolytic 
Pasteurella 


PAUL A. LITTLE, B.S., M.S., and B. M. LYON, V.M.D. 
Pearl River, New York 


For EFFECTIVE treatment of Pasteurella in- 
fections with commercial antigens and an- 
tiserums, there should be included in the 
immunizing mixtures all of the strains of 
Pasteurella which are required to cover the 
known antigenic variations of the species. 


The existence of distinct serological 
types of Pasteurella has been demonstrated 
by many workers. In 1929, Cornelius! dif- 
ferentiated 4 types by agglutinin-absorption 
tests. In 1935, Yusef? re-examined the 
same strains by use of the precipitin test 
and confirmed 3 of these types. The strains 
classified by Cornelius as type 4 were placed 
in one of the other types. 

Khalifa,* working independently, ob- 
served 3 types by fermentative tests and 
demonstrated the specificity of each type 
by active and passive immunization of rab- 
bits. Khalifa was the first investigator to 
correlate the serological results with the 
fermentation of xylose, arabinose, and 
mannitol. Rosenbusch and Merchant dem- 
onstrated 3 types of nonhemolytic Pas- 
teurella and a hemolytic group by agglu- 
tinin tests and by xylose, arabinose, and 
dulcitol fermentation. 

In this laboratory, the existence of 3 
serologically distinct types within the non- 
hemolytic Pasteurella has been confirmed by 
passive immunization of mice and by rapid 
slide agglutinative tests with specific anti- 
serums. The identity of 2 of our types 


From Veterinary Division, Lederie Laboratories, 
Ine. 

Cornelius, J. T.: An Investigation of the Serolog- 
ical Relationships of 26 Strains of Pasteurella. J. 
Path. and Bact., 32 (1929), pp. 355-364. 

“Yusef, H. S.: Serological Classification of Pas- 
teurella Strains. J. Path. and Bact., 41 (1935), pp. 
203-206. 

*Khalifa, I. A. B.: Pasteurella in Animals and 
their Interclassification. Minist. Agric., Egypt, Bul. 
147 (1934), 36 pp.; abstract in Vet. Bul., 6 (1936), 
p.. 792. 

‘Rosenbusch, C. T. and Merchant, I. A.: A Study 
of the Hemorrhagic Septicemia Pasteurella. J. 
Lact., 37 (1939), pp. 69-89. 


(types 1 and 2) with those described by 
Rosenbusch and Merchant was established 
by use of strains previously differentiated 
by these authors. Our type 3 strains have 
not been directly identified with those clas- 
sified as such by Rosenbusch and Merchant 
because of the unavailability of their 
strains. As an aid to other investigators, 
we have identified American Type Culture 
Collection strains as follows: 

Type 1: P. avicida 7707 

Type P. bubalseptica 6530 

Type P. muricida 6535 


Co bo 


EXPERIMENTAL RESULTS OF 
AGGLUTINATIVE TYPING 


Of the total of 30 strains of nonhemolytic 
Pasteurella which we have studied, 12 were 
classified as type 1, 11 as type 2, and 7 as 
type 3. The origin of the type 1 strains 
was as follows: avian (4), bovine (1), 
equine (4), and porcine (3). All of these 
type 1 strains were found to be morpho- 
logically similar to the “Coccobacillus’’ of 
Gamaleia. 

Eight strains of Pasteurella bubalsep- 
tica have been identified by us as belonging 
to type 2. They include the United States 
Bureau of Animal Industry strains H-1054 
and M-1226, the New York State Veteri- 
nary College strains 864° and 865, and the 
American Type Culture Collection strains 
6530 and 7960. All of these strains appear 
to have originated from a herd of bison 
that died of acute disease in the Yellow- 
stone National Park, in March, 1922. Their 
unusual virulence and antigenicity are ‘e- 
scribed by Gochenour.® Gochenour reported 
that the bison strain was _ serologic:!ly 
identical with the strains of bovine ori-in 


*Gochenour, W. S.: The Development of a P: t 
Immunizing Agent (Natural Aggressin by the e 
of Highly Virulent Strains of Hemorrhagic 
ticemia Organisms. J.A.V.M.A., 65 (1924), 433 l 
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h he studied. We have found only 3 
r type 2 strains. These were of avian 
bovine (1), and rabbit (1) origin. All 
our type 2 strains can be readily differ- 

-iated from types 1 and 3 on the basis of 

phology. In our experience, these or- 
-anisms never assume the “Coccobacillus” 

rm. They are discrete rods, from two to 

ur times as long as the type 1 and type 3 
Pasteurella. 

Our type 3 strains were found to be mor- 
phologically similar to our type 1 strains. 
Their origin was: avian (1), bovine (1), 
canine (2), ovine (1), porcine (1), and 
mouse (1). 

The type differentiation was carried out 
by use of rapid slide agglutinative tests 
with monovalent antiserums. Before test- 
ing, daily transfers were made on serum 
agar. This procedure was found necessary 
to assure maximum agglutinative speci- 
ficity on the part of the organisms. Over- 
night growth was suspended in 1 cc. of 
physiological saline at the time of testing. 
A platinum loop 5 mm. in diameter was 
used to measure and transfer the culture 
suspension and a loop 1 mm. in diameter 
was used for the serum. Glass slides were 
flamed to remove surface film, cooled, and 
ruled into three compartments an_ inch 
square. Mixtures of bacterial suspension 
were made with each of the 3 monovalent 
antiserums and tested simultaneously. 

The monovalent antiserums used were 
prepared in rabbits by intravenous injection 
of formolized suspensions having a density 
of around ten billion bacteria per cc. Doses 
increasing from 0.25 cc. to 2 cc. were 
given in a series of 3 daily injections spaced 
a week apart over a period of six weeks. 
The immunizing suspensions were prepared 
from eight-hour broth cultures containing 
in each instance ten million lethal doses 
per ce. for 18- to 20-Gm. mice. 

The variations in agglutinative spe- 
cificity which were observed among strains 
belonging to the same type appeared to be 
correlated with wide variations in viru- 
lence. All of the highly virulent strains, 
representing each type, failed to give cross- 
agglutinative reactions with the antiserums 
for the heterologous types. Strains of low 


virulence for mice were found to vary in 
degree of agglutinability with heterologous 
antiserums, but to improve after repeated 
subculture on serum agar. These varia- 
tions in virulence and agglutinative spe- 
cificity seem attributable to previous con- 
tact by the organism with specific immune 
substances. It is well known that serum- 
sensitization causes loss of virulence in the 
pneumococci. Opportunities for serum- 
sensitization may occur through the use of 
mediums enriched with blood or serum 
containing demonstrable agglutinins for 
the organisms cultured. One hundred and 
seventy-three samples of normal horse 
serum were examined for agglutinins for 
type 1 Pasteurella. Agglutinins were dem- 
onstrated in 24 per cent of the serums 
tested. For over a year, our collection of 
Pasteurella has been regularly maintained 
on agar enriched with horse blood or serum 
which has been found to be normal by the 
agglutinative test. None of the cultures 
treated in this manner have shown loss of 
virulence. 


EXPERIMENTAL RESULTS OF 
PASSIVE IMMUNIZATION 


The highly virulent type 1, 2, and 3 
strains of Pasteurella used in the passive 
immunization experiments were compared 
with respect to degree of virulence for mice. 
All of these strains have been kept on ordi- 
nary laboratory mediums enriched with 
tested, normal horse blood or serum, and 
have received occasional mouse passage. 
Five-hour beef heart broth cultures were 
used. Three mice were used on each dilu- 
tion. Twenty-eight virulence titrations were 
performed on 2 type 1 strains; 56 virulence 
titrations were performed on 2 type 2 
strains; and 7 virulence titrations were per- 
formed on 1 type 3 strain. It was regularly 
found that such broth cultures of all strains 
contained at least ten million lethal doses 
per cc. 

The specificity of each of the 3 sero- 
logical types was demonstrated by mouse 
protective tests against at least ten thou- 
sand lethal doses of the above virulent cul- 
tures. From 0.5 cc. to 0.02 cc. amounts of 
serum were used. Simultaneous injections 
of culture and serum were made into the 
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peritoneums of the mice, which were 
observed for seven days. 

The monovalent types 1, 2, and 3 rabbit 
antiserums, previously described, protected 
mice against death from organisms belong- 
ing to the homologous type, but failed to 
protect against organisms of heterologus 
types. 

In view of our observations regarding the 
occurrence of natural agglutinins for Pas- 
teurella in some samples of normal horse 
serum, it was expected that the same high 
degree of protective specificity would not be 
found in all samples of immune horse and 
cow serum. Serums from 3 groups of ani- 
mals were available for study, as follows: 
(a) horses immunized with a single strain 
of type 1 Pasteurella, (b) horses and cows 
immunized with a strain of type 1 and a 
strain of type 2 Pasteurella, and (c) horses 
immunized with a strain of type 3 Pas- 
teurella. 

In testing bleedings from these animals 
over a period of six months, we have found 
as in (a), (b), and (c), consistently fail te 


as in (a),-¢-b), and (c), consistently fail to 


afford appreciable protection against the 
heterologous types as compared with the 
protection afforded against the homologous 
type. Heterologous protection was observed 
in serums from some horses and not in 
serums from other horses on the same treat- 
ment. This is the result which one might 
expect to encounter when immunizing ani- 
mals which are subject to infection through 


natural channels with one or more of the 
bacterial species being studied. In no 
instance was the degree of heterologous 
protection sufficient to suggest the possi- 
bility of using a single strain for the pro- 
duction of a trivatent antiserum. Mixtures 
of serums from horses immunized with the 
types 1, 2, and 3 strains were the only 
serums which would consistently protect 
mice against all of the virulent, nonhemo- 
lytic Pasteurella studied. 

In view of these facts, is it not illogical 
to select strains of Pasteurella on the basis 
of host origin when preparing bacterins 
and antiserums for the treatment of Pas- 
teurella infections? Rather, should not 
these products be made trivalent in effective 
dosage for each of the 3 types? 


SUMMARY AND CONCLUSIONS 


Serological studies of 30 strains of non- 
hemolytic Pasteurella demonstrated that 
these organisms could be definitely classified 
into 3 distinct types. The type specificity, 
virulence, and host origin of these strains 
were found to be unrelated. The protective 
property of therapeutic antipasteurella 
serums was found to be correlated with the 
type specificity of the strains included in 
the immunizing mixtures. Antipasteurella 
serums representing 3 serological types 
were the only serums which would con- 
sistently protect mice against all of the 
virulent, nonhemolytic Pasteurella studied. 
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